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been among the least explored aswects cl Rutomation. The 


Weoad hypothesis underlying this study is thet the inven 


tion of automated production systems wili affect the respon: 
weombreres, 1FOlLGS and activitics of Management. John Diets led 
mea tos: 


Tye acceleratcd pace of technological change poses 
a serious challenge to management. Attention is 
commonly focused on the problems invelved in putting 
new innovations to work and on the imbalances created 
by such implementation. Perhaps even more far- 
beachingein its impact on today's manager is the 
effect technology 3,8 having on the very process of 
management itself. 


The purpose of this study is the investigation of 


@ 


Se,tainecii@e cyor production automation on the proc 
Manegementwin terms of the managerial functions of planning, 


a =v 8 


Gerererlang sy eGorGaniziig, staffing and dixcecting. It 


oe 
oP 


eeca (ime awe, indies will make some contribution toward 
a better understanding of automation management. 


nose 


5 


Automated systems would include, of course. 


imstaliled in banks, insurance companies, and large retail 


sa 


Qmeonm@e@ations an@mthe "office @tomation" of many firms-- 


Wena cturimemeand Otherwise. She scone ot this study does 


mete maciude now=manulLeaeturing fisems nor dees »t include an 


aeemersis Ofetsve ciiectssof “office automation." It is con- 


> a f 


Pree eo the pevestigacion of certain effects of production 


amLoma tiGkhmaninanwiacturing firwgs. 


EE eine eg ee ng ee gt ee ee 


John Diebold aon’ PucOwaeLOn Uhewo YOR): : Wises 


i ante eileen 
fle OOM De nyu, 196 








Rescal Cl St iOCUmMeay 


This study is corcerned with how the manegefial func~ 
Peewee Ola nino, controlling, cxganizing, stafting and 
2] 


Mirecting ave arfected by eutomatine wroduction. itn order 


af 


to provide a foundation for the stua’y an extensive review of 
the relevant Jiteratures was undertaken. The University of 
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Ghe University of Georgia Center for the Study of Automation 
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Lad lig, Market Directories. Wach questionnaire was accoi- 
Danieq by a cover letter explaining the purpose of the study 
and requesting the company's cooperation. The cover letter 
is contained in Appendix A. O£ the 990 companies to whic): 
questionnaires were sent, 247 companies responded with useful 
POL Omarion Dri@e Wo Ehe cut-off date. Thus s useful re- 
Sponse rate ot 24.9 per cent was experienced. Categorizing 
Puese 24/ @empcnles wy “automated” and "“non-automated” pro- 
Guction processes resulted in 231 companies (53 per cent) 
falling inethe automated, grecuo and 116 companies (47 per 
cent) in the non-automated group. Companies which checked 
either A or B in response to Question 2 were placed in the 
eutomated group. Companies which checked C or DN were placed 
in the non-automated group. The cecnmplete questionnaire to 


companies is presented helow. 
QUESTIONNAT RE 


l. Name and address of company: 
Zeees YOUIeproductzon Wicerss: (check one) 
A. ‘Automated 
B. Partially automated 
Ceemnrechanies | 
De @aWanual 
Pe ocsS VeOur Comeomy Ferme a@riston corporate plan? 
Yes N 
126 SG ee to th GWestion-a1s ves, what Future 
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POSS your Company have a written stat@went of obpect i ves 


and goals? 


Yes No 
it your answer to this question is "yes," would you 
please enclose a copy of your statement of objcctives. 





Seeelnatecare by check-marks which of the following tyres of 
a oy aes 
forecasting activities your company engages in; also 
please indicate how often forecasts are made anc the 
Mmeegti OL tie forecasts. 
ine Of fOrecest Heweereen Leng, of forecas® 
fe. ooles fcrecast Ronee. oe 
B. Production forecasts - | ee 
Ge Proliat forecasts . a — 
D. Manpower requirements as ee = 
teeeiomclalsreauirements  .. ...« oe ae 
i) Bom mene requirements he Reet a cer eee 
Pe eaCiLiky .or plant - — _ _ 
requirements 
fe  toemmologrcal forecasts : 
tf. Other (please explain) , re ee 


Indicate by check-marks which of the following planning 


or decision making techniques your company makes use of: 


A. Bayesian statistics 
B. Breakeven chart analysis 


C. Cost/Benefit analysis 


DG itical path methods SACRE ASG ress be Cec.) 
1a DELPUT 
EF. Bconomic Jot size mocel 


G. Economic order quantity model 


Kh. Game Theory 














| 


. 


» Bantt Chart 

J. Linear programming 

.. Markov-chain analysis 

L. Non-linear programming 

eee Onan i lity Theory 

N. Queuing Theory 

O. Regression/Correlation analvsis 

P, Return-cn-investment analysis 

Be ee oa Tabion 

7. How does your company measure the organization's perform- 
ance?» Using the following list of performance measures, 
select and indicate by check-marks, the five (5) which 
dire MOSmeinportant for your company: 

A. Ahsenteeism 

Pe) C@@ eee and ~ublic responsibility 

C. G@merateagaov th 

De Customer satisfaction 


CaO iMkey ee. LULReVer 


iirc eea st NemmeGOaUC bj.On 
G. Innovation 

H, Loyalty of employees 
IT. Market standing 

Jee Produces ty 

io Prez vtanr lity 

i ecobites. output 

M. Reducing costs 

N. Return on investment 


- -~ 


al : — 
Oh. Safety reco 





P, Saloes 





O.  ©Oter (aescrfhe) 


ete ey ee 


fee eoich of the tollowing cescriptions best chdracterizes 
youx “Management Information System? 


A. Manual data processing 


B, Mechanical data processing 





C. Electromechanical data processing 
D, Electronic data processing--batch system 


E. On-line, real-time electronic cata processing 


pe eye Se 


-_ 


9. For your production workers what type or types of wage 
payment wlamsc JO vOu Uses Using the following iist 
indicate the one or more types of pians that you use. 


ee Pe Wa yiyO rk 
i pel ecework 
Ce lem. woran 


eee Oe 6(plcase explain) 

mee wweuld you please attach to this returned questionnaire 
ai Ste, @ecinattem@al skiii classifications for your 
production employees, showing the number of employces 
in each skill. Please use the standard classifications 
Perel... Departhen« Gr Labor Dictionary of Occuwa- 
meog emer ies. FTor ex~ampie: 565.366 Cuttting-machine 
jeer (textile), 


eo Vee reo 100i y tua iemeaneaGers 17 50 Manuracturiany 
PiiMeswas selected Oo rec@ive the questionnaire developed for 
managers tc answer. These managers were selected from Poor's 


or 


eee Ot Ol pore rons, Virectors and Bxecutives and by 


Do ey tet ee — — ere ee a megs ee 


(9) 


| 


Civecemecontace with con manegenent of certain other selected 
Solpewe>s, Hach Questionnaire was accompanied by a cover 
letter explaitiing the purpose of the study and requesting the 


Meno ges S Ceo pemethion. Tie cOovVer letter is contained in 





Appendix B. OF the 4965 manacers to 


sent, ES Fe™urnca usalsle 


216 manage 


date---a rave Pein 


useful respo 
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roe ow 


6 6 


216 Managers, 1. 


meees production, and 100 


automated firms. Those indicating 


Z 


wewemoloeced in che autom 


~ 


SueStion 1e 


au Cao 
i. Ne 


checking C or D were placed in the 


; > yer 


c 
WUE GaS 


which question: or 


teem orremeeo the cut - oR 


Come. Oe Chee 


a> 


FY Gove 8 = 2 cosas eee rae Ee Tears 
ete ie ISS wet Cs} 


ore from Cron 


ae 
1 i 


A or Bin response ic 


esc Ghee, ene Lhcss 


non-automated group. The 


complete questionnaire to managers is presented below. 
QUESTIONNALRE 
Pate | 
imeooveme and eadress of your company: 


Bs) As the production process in yo 
A. Automated 
ee =~ Pat ially awmiomated 


7 ©. Mechanical 

a. Pe. J enual 

ay, Per ace: —s 

4, What is your present position w 
>- How long have you been in your 


aes 


How long have you been with you 


7 ere 2S your totel number of yee 
ence: 
8. Please indicate your educationa 
the appropriate item below 
A. high school or less 


ur company: (check one) 


imewenete nL ie 

present position with the 
ieee © 

a= Clmilanagerial exter 

meijce “GOUT smcheCkK ing 





Dog Ste Sedloge 
C. C@lilecgr —ccvate 
Ds Seta POs teeeivate work 


; AF et See) aus £e 
on eat ees Ceo Ar Ss 


are a college graduate, please indicate what 
ae or degrees vou hold and the major field of study 
ree; 


on awe eee 


Por each of the following eight statements ee se indicate 
your cegree of agreement or disagreement by checking the 
expression which best reflects your opinion: 


1. The department head alone should determine the methoes 
Eee tore ove in altaining departmental goals and objac- 
eves. aorongly disagree foe eee, Unies: 


tag ; Agree oErongly agcce : 


rn we re we eee: a ee eS orm ee een 


4 


2. Most employees fee une burdened if they are given 
Pet Gaelic ty anc responsibility. 
Strongly disagree meseoree. 9; Uiicertain : 
ee otremgly agree... 


— = 


ova 


3. A manager can make effective use of the authority he 
possesses due to his position in the organization only 
to the degree to which he is accepted by his subordinates. 
perongly disagree 7; Disagree ee es eee 1) : 
Agree Serovcaly agree ee 


> 


. Tne personai gqoais and needs of emplovees are satistied 
if they are paid adequate wages. 


Strongly disagree ; Disagree MoU meeeGaiN . } 
Agrees; Strongly agree.” - 

5. liost employees will exert their fullest cooperation anc 
CrxzOrt if they are allowed to take part in and are given 
Wee m@etoteity 2n Making decisions that affect their voit. 
ge ely gee oe _ , Pasagree pelaGertain 3 
Agree * Strongly agree . . 


: 
, 


a ey eo 
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what 
tive 
Enis 
fact 
peli 


mac i. 


wee 9 Doe 


C tentmeetinetes Aiateiemaie 


Oe oe 
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Close supervision is desirable in the interest of erfi- 
Clency. Strongly aca ee ; Disagroe ; 
Wintec Gain ; Agree eee lrencry agrec : 


—— 


fost employees crave increasing resovonsibilities and 
independence. 


BELONG. disagqrec ; Disagree Pence La Ly) : 
Gara c eer csene. Y grec . 


Before making the final decision himself, the inanager 
Peer Sie et er its SUubOorainetes Search the various 


alternatives and evaluate their consequences. 
Strongly disagree ; Disagree We it 2 aieahes 
Agree , ET.rOongly Maer ce ; 


Deel clash 


mem ae ee te ae 


hore ena factors do yousfecel contribute most posi- 
ie tO gop satisfaction among employees? Please answer 
question by use of thes following list of on ae onal 
eee som Ene list Choose the five (5) factors which you 
@ve Comeribute most positively to job satisfaction and 
cate your choices by check-marks. 


Achievement 


Advancement 

feempany polieéy ana administration 
Ww eeereuniey Sor personal growt 
Recognition for achievement 
Relationships with other employees 


Responsibility 


Poa any 


Security 


— Status 


Supervision 
VG ing Cond Lt vons 


ier © tt oes 


Ry wee eg ce 





(agreaclOne Of the Study 


em a cS ee ee eee 


there arc two major limitations cf this study. “Toke 


iN 


3S the fact that the group of companies selected as well 4s 


a 


mee COmpanies from which the group of managers was selected 
Meee -cLOUSNCOUS Witn respect tc industry and product classi 
Prcation, There are differences in production automation 


Merwecl Industries and ELrom one proa@mct to another. It is 


perroleum indus~- 


J 


weli known that production automation in the 


Try 1S quite different from automation in the metal working 
industries. Within the metal Iiewe te ies Ene eucomatic proe- 


duction of wire in a continuous Strip 1s a process very 


4 


aqifferent from the automatic production and assembly of 


. c 


aMcomotive enownes. PeCarse "Or these adzir1Trerences between 


lode = 
Ge 


automated processes, the effects of automation on management 


we vary es home tncustry CO industry and from product to prod-~ 
uct. This study was undertaken with this possibie limitation 
in mind, However, a fundamental assumption was made that 
while the companies surveyed may be heterogeneous in terns 


= 


of industry and product classification, the management o 


© ¢ 
cr 


these companies is close to homogeneous based on the prin- 


> 


Ciple of the transferability of management and the univer- 
sality of the major functions of manasement. The study of 
the effects of production automation on management within 
given industries is an area for further vesearch. 

Ve wOlLeereinajorm Jamitation is that the study does not 
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98 guit ee EMT Saze Of the rieiin Goes have an effocr, 


Moe exalpte, Gi: tae extent of long zange vlanning. ‘ihe 
bealities Gt the research situation precivded measuring the 


AG ie << ms oh) = = et (oe z re = aie eS Abe ce eee 
MerecisS of sige. Nas too is a possible aiea For fLurth 


Meee secr of the study 
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The subsequent material of this study 3s organized in 


‘ae 
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Zollowing manner. 
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Meee -Of-Tie-art Ck automation. This chapter aiso includes 
a discussion of the parallel development of the manager ome 
Mmeocess and technolovy, 
Stegeers tie iy, VV and Vil contein the resort of the 
pramary research effort conducted in conjunction with the 
fm 


study. Tnese chapters are concerned with the ctfects o 


MeeemetlOon aucomation on the managerial functions of oelan- 


he @ 


Sea eCCN rolling, Crganizing ana staffing, ana directing 
respectively, 
hapter VII completes the stucy by giving a suimar, 


* e \ 
me te ot da & 
a Ni A Carat WE sear ce, 
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Mme Gionaricant conclusions. Ccrtain 


Hate tals are 


Naot 
5 
ti 
J) 
Fons 
w 
iv 
= 
a 
eo) 
ae? 
pay | 
ay 
aa 
— 
ae 
\ 
teamed 
ae 
—— 
a3 
-~¥ 
‘ 
oy 
ay 
= 3 
= 
eat 
¢ 
Ay 
e 





ee 2 an a 
PeVIEY OF ‘THE LITRRATUR® 


(MieroouectloOn 
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Technological change in the form of automation has 
received tnereasind attention in recent VEE arong men of 
academia, government, industry and labor. The increased 
interest in automation is manifested by numerous books and 
fecicles written on the subject, by conor mene le hear Unc Ss, 
by government contract studies undertaken, by the establish- 
Ment Cf labor committees to evaluate the ampact of automatic 
and by a number of conferences and seminars on automation 


sponsored by educational and other non-government organiza- 


mieticegs ti has been said that the world i 


in 


experiencing a 


S-eovosminoustrial revolution” which might be appropriately 


: 
meafea, tne ©ra Of AULOMation.” Some have called this a 


Pee denevOolmelon LO Gastinouish it from the first industrial 


—— 





revoluticn which extended and replaced the muscle power of 
Joar a 7 fn , 2 a7 een <4 [ees ee are 

men and animeis with machines. Now, certazrn mental Lunc- 

Peetemeameve talker Over by auvomation devices such as elac- 


ErOCnie Computers and feedbacik-controlled transfer machines. 


Weel SatCO1s, AUTOMATION: Industriaitzation Comes 


eee en we nem ——_ = ee rer ene ee oe eee Ee ee ee 


5 Fai pics cS S ct nae . an 
o£ Age (New York: Tne Macmilian Company, ies) Meese 
2 
ie er Ge tis, AUtomation aixi tndusi.ial Relations 





+ wee ee — aw oe ed 


Poy. _'t . ie MS eal es a a ye 7 ee > . as 7) 
(New York: Houat, Pee ert and Winston, NC, ee er 2 


Continuous advance in manufacturing technology has 


Peewee 8jOL Geccor in man's climb toward a more productive 


uJ 


ant: advance in 


o 


Meee iv7ation, futomeation signals a siqnifi 
production technology. Made possible largely by advances in 
electronics, automation is a complex technology, employed in 
such systems as automatic transfer and assembly in the metal 
working industries and the continuous flow processes of the 
petroleum and chemical industries. 

Observers are divided in their attitudes about the 
consequences or effects of automation. Discussion and debete 
range over a broad spectrum of social and economic questions 
Petecea tO automation. This dissertation is limited to a 
naveymonmecertaimm effects of industrial production automation 
on inanagement. The purpose Bi this chapter is to review the 


feoveant litemature £O provide a foundation for the study. 


the Deocwwemmor Definition 


Automation is no longer a new subject and yet a multi- 


Meter t ete CeCrInil1Ons Gontinues to cause semantic confusion. 


ie ogewecomlrpecee On Manpower Policy of the United States 


SS Sere mm ee ee — te 





Senate observed: 


waits Lae aos. the Mielec eeor tCechno- 
ean 


] of 
Stems Lrom a neu 


eg were Cianice On Or COngues——a 
fawlure Ca dof! 
‘I 


) 
ine Terms anc a Pc ne eer ao cd 
technological develonmments under one increasingly 
mMeanangiess term: automation. A paucity of statis- 
iptectuweacdea diem Londency to ignore that which does 
Mom eGueme Wilh Cherished greconceptions is also to 
some extent resnonsible. A final element has heen the 





L® 


Matweeal tendency of every sexpert to cxamine ondy hil: 
own part oft tne elephant. 


The confusion surrounding the worded “autometion" is 


Mier eitiat 1c has been used to Characterize technology as heth 


an evolutionary and a revolutionary process, to describe the 


novelty of arrangements that link one machine with another, 
ana tO denote the unusuai capabilities of engineering forms, 
particularly those that improve upon the conts -lbutions to 
PeGoUuctivity Otherwise made by labor. The term has been used 
to describe almost every economic change that mignt be con- 
templated, including changes in plant layout, product design, 
ee cs 4 - 
JOb design and methods for quality control; as weil as the 
application ec lhoemrowle COMeuters EO NOn=Manutacturing 


rocesses, often referred to as “office automation. " 


eae 
ii 


PoagamoeeG cae COntuszoOn, has been the tendency to usec 
the wore "automation" to suit a variety of vested interests. 
Pmemies Deen used as a technoloqical railying cry, a manufac~ 


turing goal, an engineering challenge, an advertising slogan, 


PS ew ee coe ey ae ee ee ee 








a ESS Ss Senate, Subcommittee on Employment 
Speamtianovower of the Committee on Labor and Public Welfare, 
me aro. Full UA Peon lS or a Comprehensive 
Employment and Manpower Policy in the United States, 88th 


@ong., 2d ieee. 1964, o. 15. 


eel Poole an ase Polis’ rasow, “Automation: Some 
Classification and “easurement Problems," Automation: A 
Se aeesan Gime coeoren “ernods. Labor anc Automation 
Pee io) 2) (Geneva: International Lahor Office, 1964), 
eee 0. 
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oeeowel Cotiaetom banner, and as the gymnol or ominous tech-- 
5 
nolocical proudress. 
Paet Ol oe COn.Ys10n Can be traced to the ericgin o 


tl 


the word “automation.” Two men are claimants to aulhorship 
Peete term. D. S. Harder, a Ford Motor Company executive, 
and Jonn T. Diebold; a well-knowh management consulstant, 
cGined the word independently of cach other and gave it 
different meanings. Harder ss said to have first used the 
word in late 1946 to describe automatic transfer of work- 
pieces From one machine to another in the production process 
without human aid. He was referring to the automatic removal 
of sheet metal stampings From heavy presses by mechanical 
feats and arms. © JOlmeMtesola Goinead the term as a contrac- 
tton Of the word "“automatization” which he found too awkward 
aeeLoo OLtilcult to spell, / 
In the aftermath of this dual origin of the term auto- 
Maeno, a PrOruSion of definitions has been forthcoming. 
Furthermore, 1t is apparent that the word is often used as 
a syronym for Easieileenieen! advance. Therefore, 1t seems 


74 


fees ert. review the Gefinitions which have been offered 


en ee ee er re ee ee 


5 ; 
eee eet, UEOMetiOn anc Management (Norwood, 
Massachusetts: The Plimpton Press, foe oO . 
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Oe : 
fe (eee iass Rover eucomation ee woes), fIkeracan 
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Management Asscciaticn Manufacturing Sexries No. 209, p. 24. 


st 
Monn 2. Diekolkt:, AutOMA eo eee Oven Or ENO Auto 
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meee eactiaemg (New Yorr: 9, Van Nostrand Co., 1952), p. ix. 
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me Gistingtiones hbetwéean techiologqicah udvence 
and automation which have heen cucgested. 

To Harder, the word criginaliv meant the mechanizes 
mond!) war Of materials or parts between, inte, and ouvk of 
Meettdes, This congerpt has been laiieled "Netrori wuboma- 
Meee  MmutcOmMation py this detiritidun can be narrsrved to 
Specific conveyor equipment. Dichoic has a somewhat »zroader 
Goncept of automation: 


Auntomaticon 18 a new word denoting both automatic 


e 
Operation and the orocess oF making things automatic. 
In the latter sense it anclnude: severai areas of 
Picwertepal activity such as product and noxocess 
redesign, the theory of cc curnynicat ELOnmanG CON ure! , 
ana the design of machinery. 


Barger later modified his original concept of autca- 


Merton, He CONnciuages that it is a “phiiosopny of manulac- 
turing" and believes that the original definition must he 


broadened to inciude the design of varts, methods for their 


ae , a, 
femeraec ture, and production tool control systems. 


Wgeu, Cop eae Closea-loov Control 


are es 


Diebold, in elaborating on his concept of automation, 
States that "automation is possible only through use of the 


meecheLy act ed ability to design and construct a wide 
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: 16 : ; 
weeoretyeot CcHreacc-loop control systems." Underlying this 


iw 
CG 8 
signee 
© -) be! Ley s . 
Andexson Ashburn, “Automation--Its NDevelooment in 
ene ieehanical Engineering (Noverber, 1955) 
lone 6.0. 


Siero lcs Paeectt.;, p. 13. 
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stetement is a key concept in comrlete automation-- thet is 


the sweplacement of the human mental function with automatic 


meee colo. Tiemewane cWwO basic types @& control--onen-looy 


me ee ed ti nee 


See Oe OOD, a livstrated an Figures 1 and 2 respectively. 


Oe ort ee 





Tne main aifference between these two types of control is 
forme it the function of Controlling a process is not com- 
pletely automatic, so eeu a human operator must aayust the 
mecccss, then the operation has an open-loop control. in 
mee OPpen-loop system the naman being controls by visual or 
other inspection methods to measure deviations and make cor- 
rective adjustments. The most important control character- 
Mmenrc Lrom the standpoint of automation, the ability to 
Meo dcically Correct errors, 1S not present in open-loop 
systems. In a closed-loop system a completely automatic 
controlling device fills the gap represented by the worker 
in the open-loop system. The essential features are the 
automatic measurement of output, sensing unacceptable devia- 
fronrs ana iSSuilng corrective arders to the machinery or 
equipment being controlled. 

The closed-loop aspect of automation draws heavily on 


1¢ 


Mme scONcCepcs Of “Cybernetics.” The word, “cybernetics, was 
Seumea by Be, Norbert Wiener to mean “the entire field of 
contro! and communication theory, whether in the machine or 
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+S ne =— & 
in the animal. Wiener explains the feedback principle in 


Re rae - amet ries Ot 
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et eit ee Nea 
Norbert Wiener, Cybernetics (New York: Jonn Wiley 


ome Oe Sue ea nerng O- appt ear wts igEE CRD ARTE ee am amie wus atria 


ieee Opec. , L943), p. LO. 
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Figure 1. Open-loop control system. 





Specgaeion sor 


| mo ehs - 





eS Gl. Se 





Process ~ 


being controlied | 





Ai 
Cerne ree: 














gpbes ae BG TS Brae st. 


a. - ciao 
| Correctii "~~ eee \. Feedbac 


| Goxrurol Device | 
¥ BS PES NFR ES AT Se j~ 7 = 5 


eee wee Ooea- 100m Control system. 








Ouieiae 


ROBART Bees OER he 


‘a5 
? 


« 
> ~ ad 
Pema AN a se 





this way: "When we desire a motion to follow a given pattern 


Q 


the adifference between the pattern and the actually perforne 
motion is used as a new input to cause the part requiated to 


move in such a way as to bring its motion closer to that 


wi2 


Given by the pattern. ording to Wiener, the steering 


any 
§)) 
oy 


engines ship are examples of early and well developed 
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i igs ; ; 
rorms of feedback mechanisms. While expressing some con- 
cern about the understanding of the relationship between 


Merecorat1on and Cybernetics, Albert F. Sperry points out thet 


akc 


pee~@ind Cybernetics thought of as just another phase of auto- 


mation.*4 Bright reflects a siinilar view: 

TiGemsC wernem@ics, the ‘automatic factory,” and 
"automation" began to be blended in general usage as 
interchangeable phrases or parallel concepts, implying 
Siege Of Gutomeel Ci ty 5 oe mechanization of controi 
and many mental processes.” 


PMGEten ye OoeielO the Lrelationsnio beaween aucoma- 
meomeand Cybernetics, that centers on the degree of auto- 


mation aliowed, has been proposed by Donald N. Miche 


i 
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Pettends that the wore “automation” Coes not typically imply 


Soy Purersanpiications. To Gaelineate that situation, he 


rh 


proposes that information technology involving the use o 


8 rg ay ee ge a a ee 


a icles, pre 13x 


ie 
“~The word “cybernetics" is derived from the Greek 
+ 4k 


word for "steersman. 
let . * 4 Yan) Per wre ie 7 | : é it 
oe eee seer ry, Whe Natusmesot miutomateocn, 
oopameeekace wi Caehaomationg Special Report No. 7 (New York: 
Pmerican @arne@gement Association, W956), p. 14. 
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Peout Mom: Cit., p. 6. 
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Computers (label@i "cybernetics™) he joined with automation 


qt 


under the term "“cybernation." Viewed in this way, any auto- 


matiic control mechanism involves automation, but when the 
contrel functions involve the wse of computers, including 
numerical control of production operations or other hybrid 


. , ame 
Meerrcations, then that is cybernatiocn. 


meoposeo Distinctions Between Automation and Technological 





Advance 


Regarding the problem of synonymous usage of "“auto- 


i ei 


Merton and advanced technology,” Sultan and Prasow discuss 


. . a 8 e , Al 7 
classification systems proposed by Killingsworth ana 


18 ; , 
Pieckoingnham wiich help to clarify the distinction. In 


rr? 
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yor 
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OrPeccememec activity ax 
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tT” 7 « my es = t ret Pe VA - oa, 
Kiilingsworth's system change 


u2 


viewed as a series of concentric circles, with the outside 
Circle representing all forms of economic change. Such 
activity is affected hy changes in the availability of 


resources, changes in trading boundaries, the development of 


a re a es et ee ee eS 


1Ononald N. Michael, Cybernation: ‘he Silent Conquest 


iPentavBarbara: Genter for the Study of Democratic Institu- 
Psonic, 19562). p. 6. 


alec ae Congress, Senate, Subcammittee on Employment 
and Manpower of the Committee on Lahor and Public Welfare, 
Beton Ss Do Ore mevolUrron, Sethi Cong., ist Sess., 1963, 
Part 5, pp. 1462-1466. 


te alter oe ee oot oe AUeemation, Enployment 
ana Econemic Stability,” Automation and Society, eds. Howard 
Ba Jacobson and Joseph Ss. (ea aie on Pitageopiies: 
eet vel) 9) pp. 231-233; Walter S. Buckinghan, Jr., 
Automation: TEs Dieeeer on bisinces and People (Now eine 
Harper & Row, 1963), pp. 11-48. 
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ae 
Maemo Substitute products, changes in the mix of resources 


meee 1a) PuOedwckaon, or changes im Nmanagepial efficiency. 


(Y 


Waths2 this circle is technological chance, defined as inven- 
tive activity such as the use of pure oxvagen in steelnaking., 
[MiweactCCtyeit represents changes in those capital forms 


through which economic resources are transformed into gcods 


ere 


Meee Services. Contained within the circle of technological 
change is the circle of mechanization, a specific kind of 
change in production technicue. This involves the applica- 
tion of machinery to tasks formerly performed by human or 
momeal lLabos or the application of labor-saving techniques. 
In this classification system, automation is represented as 
the core circle, and is defined as engineering forms that 
increase the degree of self-regulation of the mechanization 
PeOCeSS. = itt is,conceded,, however, tnat the perimeters oz 
ere Gimcles, cannotealways, be clearly established and the 
fuzziness of the distinction becomes yreater as the core 
circle of automation is approached. In reality there is a 
consicerable range to the degree of sophistication and the 
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form of such regulating mechanisms. Nonetheless, this 


Classification system contributes to an understanding of the 


essential distinctions between automation and advanced tech- 
mology. 
Simmer a71Stinetions have been proposed by Waiter 


Prechinglam. In his system of classification, technology 
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Steer awa Prasow, OP. cit., p. 16. 
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@ercompassc4’ mechanization, mass production and automation, 
evolving historically in that order. Mechanization involved 
the use of machines to perform work; mass production involved 
Pemew technique for organizing for production; and automation 
° s 8 | 20 
fewer technology based on ccnmmunication and control. 

Pivesegcmmerts © isolate tite distinctive clements o 


Miret@artrOnmestreso the self-regulation of the production pro- 


Peper VerTinitions of Automation 
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Numerous others have offered definitions of automation. 
Soon after Harder coined the worc Rupert Le Grand, Associate 
Peetor, “Amorican Machinist,” defined automation as: 


Palen ae Ot obo lyina wiecianical devices.to maninr- 
Ta om Ooreeeseces Inteweand out O® Equipment, turn parts 
between ovnerations, remove scrap, and to perform these 
tasks in timed sequence with the production equipment 
femme Lie 1ane can be put wholly or partially under 


zl. 
puo-bivecon control at strategic stations. 


Peer ina ton proposed by Milton Arcnson is more pre- 
cise in defining the motives and devices used in automation. 
His definition states that “automation is the substitution 
an iegioni Cal meapremmamac, hydraulic, clectric, and electronic 
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devices fer human organs of decision and 
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Pipette Grand, ford Handies by Automation 
Avert Can Machini Peele ole owe 22 (October, 1948), wp. i107- 
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Mitem iH. Aromison, “Automation and Economics," 
instruments and Automation mene oe. iD. OSs 
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Getinition inciudes and vet differentictes between, decision 
Meerees SUC as Comeuters alr effort dovices--e.g. conveyors, 
merevyes alm motors. It alsc points out that specific Cevices 
Wsed in automation are mechanical, pneumatic, hydraulic, 
electric and electronic in nature--thus comphasizing that 
such devices are not primarily cither mechanicel conveyors 
Or electronic computers. 
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In hearings be 


Cds 
os 


eeolore tne nature and implications cf eutonhation a number 


OL prominent witresses stated their concepts of automation. 
Marlon Cordines said that, “For practical purposes in planning 
manufacturing facilities, General Electric defines automation 
as ‘continuwus automatic production,’ largely in the sense 

of linking together already highly mechanized individual 
Speracsons., Automation is a way of work based on the concept 
of production as a continuous flow, rather than processing 

by intermittent batches of ae Dr. Edwin G. Nourse, 
former chairman of the council of Fconomic Advisors, vicwed 
Geeetrevemeas & Contanuation of the scientific management 
movement but emphasized the new application of electronics 

to the control of mechanical and chemical processes: 


Meeateonaticn) tas 1tS roots in mecnpanization, to b 
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eee, 
but something new was added when electronic devices If<.dc 
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aa lees bhe.wicespiedd applicetigten of the reeamackh princi 
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a occ” Well Meme Expreamed tens cemcept @f mutonation 


as 
.--Ametomation is the second phase of the industrial 
revolution...,Automation makes a completely new devel-~ 
SOpment ian the techrological process hecause automation, 
gn addition to substituting mechanical power for human 
power, begins to substitute mechanical judement for 
human judgment--the machine begins to substitute the 
Thinking ™Srocess on a mechanical basis for the thinking 
process which neretofore was done exclusively by the 
human mind.” 


Mm oercre recent definition of automation Jaffe and 
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Froomkin state: "This term should be res ed for that type 
of production process utilizing the automatic feedback prin- 


Gipie, in which a control mechanism triggers an operation 
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emecer taking into account what ha: 
feedback principle generally distinguishes automation from 

c) a as : ee mi fen ‘ : ame Horn , 
Morera aay h3.01 Trey PurtieresS re: The ultimate in 
automation is the closed- ~loop process, a method of operation 
which requires no human interference from the time the raw 


nae es omtnSer tea into the machine to the time the fin- 


ished product is stored or stacked at the end of the produc- 
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From the foregoing review of deft 
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obvious that there is no standardized, unifc ented 
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Sees ewe and Jose a Froomiin, Tecar-logg ana 
Mets eew York: Seecderick A. Praecir, Inc., 1968), i. 1®. 
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efainition of automation. There does, however, appaar to be 
wide agreement that essential ic the complete automation of 


mManuiacturing and processing systems are the concepts of 
Sette nOus siloyw and Clased-dooy autometic contyol. Partial 
Meedatvon can be considered then to inclu@e processes which 
meecwaractorizeo by “1clands, of automation, ia@. » the 
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entire process is not automated in an uninterruvted flow from 


Start to finish but there are segments of the process that 
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are automatea,. 


The ees COMY CL Automation 
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The German monk, Magnus, 18 said to have spent 30 
Years in building a robot which advanced to the door when 
Semeone knocked, opened it, and greeted the visitor. For 
Meoawet .OLtS, Magnus, a learned scientist, gained only a 
meDpUibeatTLON as a sorcerer among his contemporaries in 13th- 
Peivisy Hurope., The Magnus story seems a pleasant fable but, 
if fact and fancy had been joined, he might today be known 
as the "father OigeouILoma LOI. © 

Actually, tae beginning of automation is obscure. 
The ancient Chinese developed some ingenious devices includ- 


ing tne “south-pointing chariot” and watex hammers for 


Oo 


Grinding cereals. Plans for an automatic sawmill, an auto-~ 
matic file-cutting machine and other "automatic" devices are 


-Ouns 3n the works of 15th-century Leonardo da Vinci. 





imetha = section the history ef automation will be 


maacedGe from thmee standpoints: (1) the evolution OF. Gone co ! 


Fen eae eed ro ery ee eee Oe 


@evices; (2) the evolution of continuous Flow of assembly and 
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Eeanster opematacnsy ande(3) the evolution of @a ta proeessing 
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SmeOMation. The latter is included because of the fact that 
Pee USNiGCecomputeciscgewhicheare, in part, the evolutionary 
jeeust of office automation, are now being applied in the 


DewWimeccuring ywrocess itself as contnol devices, 


rae EVO lution Or AUCOMACTC Cols ot ewe ccs 





-Very early examples of ee ere control devices 
include the float control valves used in the plumbing sys- 
tems of ancient Rome and another Roman water Cevice for 
200rs. Around 1666 Denis Pavin 
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invented the pressure cooker which employed the open-loop 


orem OF control, in 1/713, Humphrey Potter, then an Enolish 
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ager, deveioped a method of controlling the flow of stean 
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in steam engines by using a slide valve mechanism linking 


be 


piston and valves. Through this linkage, steam was admitted 


; Ze 
Bo Of CmMbaustes from an encine cylinder automatically. 


There 1s a long history of a movement to achieve more 
ieee iC Cenerer im the textile industry. Tn 1725 Basil 


Bouchon suggested tne use of punched paper tape as 2 means 


cl 


For controlling the operations of a hand loom, and three 
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Poet Verliette, “The Rise of the Concer: ot 
ee eee Niteemativon @nd Socictw, ow. cik., p. 5. 
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Yeats lawer WatTcon designed th@ first punched caré controlle«c 


machine. In 1745 Jacaues Qe Vaucanson adanted Falcon's 


“3 
tat 


Meehine to punched tape. Tt was not until the carly part o 
we boeh cemturyethat Joseph Jbcquarcwmade practical applica 
t20n Of these advances on a Large scale. Hie perfected a 
meom controled by punched cards. The holes im the cards 
contained the weaving pattern and determined needle selection. 
Jacquard's cards permitted diverse and intricate patterns to 
Mmempeocucea cheaply and accurately, and, by 1812, there were 
ee O OL nzs Looms in operation in France. 
The Dutch windmili was first devised during the Middle 
Ages, but in 1745 feedback control was added such that the 
sails of the windmill were kept facing into the wind hy 
small sails placed at right angles to the large sails. 
Later, in 1772, a further improvement was added in the £forin 
Of a spring which operated to reduce the area of sail if th 
; re eee 
wind became too strong, thus avoiding damage to the mill.” 
A more mechanized invention employing the feedback 
principle was James Watt's flyball governor developed in 
1788 to control the speed of steam engines. Before Watt' 
invention engine speed had been regulated manually by a 
joer le Valve. “By Winking a fiyball, or centrifveal, 
governor with the output shaft of the engine and also with 


= = 


ZO : 
ieee heoth, Introauction, Progress in Auto 


mation, Core rewe. 1. Booth (i.ondon: ye ese © SeGq ents ic 
Publications, 1960), p. 4. 
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mhe valve that controlicd steam input, if becam@ wossible to 
maintain constant engine speed Mronareeally. As the enging's 
speed increased, the flyballs of the govexnor were innelled 
outward proportionately, decreasing the supply of steam to 
the engine and corsequently slowing it down. Comversery, if 
Bae shalt tuxned too slowhy, theshalilse collapsed inward, 
gradually opening the input valve. The self-regulation which 
Was achieved represents an earliy example of closed-loop con- 
wmeol. 

The first application of the feedback principle to the 
steering of a large steamship, the Great Fastern, occurred 


in 1868. This was accomplished by a linkeage system betwee 


the helmsman's wheel, the throttle of the steering engine 


¢ 


eH! 


ang the ship's rudder. Four years later, in 1872, Joseph 


Parcot, a frenchman, coined the word “servo-motor" in naming 
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Sweeter, but Meme acvanced, ship's steering engine. 
MWe NOROuyPe, Invented by ihanston in 1887, provides 

an example or the expanding range of applications for punched 

tape control. This invention used a punched tare to govern 


the casting and assembly of type. More recently, in 1948, 


@ system for cperating a lathe with vunched tare wv 
4 £ 
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tnet developed by Bryant in 1931 for use on grinding 
om 
machines, 
A particularly significant event in the progress of 
automatic control was the deveiopment of the analogue con- 
puter by Dr. Vannevar Bush during the 1930's. The Sesignof 
analogue computers, and later clectronic dig i teskeecompeu tenes, 
resulted from the pressure of scientific and military demands. 
Analogue computers were used in World War TI to direct naval 
ome antimadneraft guns automatically. These computers are 
now used in some of the liquid-products industries to control 


pPReecessind. 


whe Evolution of Continuous Flow of Assembly and Transfer 





evolution of automatic control. The history of automatic 
Meeerial Handling, including assemnly and transfer opera- 
PeOns; Cates back at least to 1784. At that Limewoliverc 
Evans built a "fully automatic" flour mill on ie Coreen oe 
OF Philacelphia. Using three basic types of conveyor mech- 
auieme in 4 continuous production line, as well as controls 
to regulate grinding, Evans succeeded in mechanizing tne 
entire process from raw grain to nagged Flour. tn addition 


to its automatic features, Evans' mill producea better 
155 


uaiity flour, being cleaner and incre Cie oOr icin tne 
r J 
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on 
Pour tron conventional milis of its day.?? This achieverient 
> Considered by somesto marketre beginning of contil.uous 
transfer and assembly, with the product untouched by human 
Wands during processing. 
ier o eo ni wonicy sire t manutiactured the anter- 
changeable part, a development which was a prerequisite to 
Gnae automatic assembly of discrete products. In England, 
Marc Brunel set up a highly mechanized factory which by 1808 
mee ooueano 130,000 pulley blocks a year. Brunel's 
machinery system enabled ten men to produce output previously 
= 34 : . 
requiring 110 men. py homeo leagtivae-nahkiwng at the “victyal - 


Mo OLlwce or the British Navy had been mechanized. The 
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first comercial gqear-cutting machine was produced in 1855. 
An important milestcne in automatic production was 
Word's moving assembly line which was originally developed 
G@eeing the period from 1913 to 1915. Ford's original moving 
assembly line operations were limited to only magneto and 


@massis ass 
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enbly. Thus, the assembly Jine only partialiv 
mechanized the flow of parts and subassemblies through the 
plant. Furthermore, the line Gid not employ automatic asscn- 


my Of Ciemsrer. “Site tifén, Many Functions in autonobrle 


Veber re, Of, Git., p. 8. 
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Watic assembiv and transfer nave been the trend. 


aesembiv hove heen mechanized ane 


Seon a®@iern the Ford assembly iine was initiated, in 
ee aoe. Ow Gmieth Gorporation eemplebed a plant for 
Manwtacturing automobile frames automatically. The S2ith 
Peat, COmplete with automatic handling and assembly cevices, 
Pened Our an automobile frame every cighk to ten seconds. 
About 552 operations were performed on each frame in ats 
1 1/72 hour manufacturing cycle. Men were required, however, 
Peeeranster portions Of tne frames from one proauction line 


to another. Also, in some operations, men had to assist the 


Machine in positioning parts accurately before actuating the 
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Procucticn mechanism. Nonetheless, the labor content was 
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Ls 
very low.” A few years iater the Budd Wheel Company con- 


Srrle ved a mechine ror the automatic production of automobile 
wheels. Phe first truly automatic transfer machine appears 


to have been used in the Morris Moters plant in Coventry, 

. P| A mn 38 m t ee A a ue = 
Beoland, in 1924, The transfer machine unites varied 
operations in @ single device and can move a work-piece from 
Gem toc OM FO cRmOrne: without hitman aid. in this country, 


tm 1929, Graham-Page Motors installed a system of transfer 
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oe ete We biala a Plant co Run Without Men,” 
Meceazine or@Business ‘February, 1°29). 
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Se eeenwe Ceks COmpleeeiy Machined in One Multivic 
Tool Operation,” Autom iotive Weiese: (Fobruary 12, eo. 
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Geyicese in their cylineer depiarndiyient. By 1 DS2tiweOsaudeo-- 
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mobile manusactbuners hed xrefaned product design and assembly 


eweotchee to tha woOant where the car nody could be deposited 
im mplacesen the chassas without human heip in posdtionang. 


As of 1957 some production machines had heen integrated with 


the conveyor system to perform the operations on eech part 
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as it moved alone the assembly line. These machines, typi- 
cally welders, paint sprayers and testing devices, were timed 
to move with the conveyor during the interval of operation 
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Mamuten Leture: to their initial, locatLons. 


ieee evolution ©: Data Processing Automation 
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Peer reivoN Crom tat computers, which are partially the 
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evolutionary resvit Sere e we UCC ime On, ase NOW DCN 
applied in the manufacturing process to effect overall con- 
meet, thererore, a rier Wistory ot the evolution of the 
computer seems desirable. 

In 1642 the French mathematician, Blaise Pascal, 
invented his Machine Arithmetique, the first adding machine. 
The first genuine multiplying machine was invented hy Von 
Memes tn 16/0. An adaptation of Pascal's adding machine, 


Peweritroiied OY Lepecatle;d additiong, just as the electronic 


Some Ure@ oes today. The liermani Pianimeter, the first 
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“Automatic Jigs That Have Cut Automobile Costs, 
Machin ry (August, 1931), pie 27-907. 
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numerical integrator, was invented in 1814. Notwithttand- 


ix 


meme cic Garly contributions o: Pascal and BWeibniw, it was 


bcd 


not until about 1820 that Thomas de Colmar produced the 
mest Commercially practical office calculator, known as the 


— A2 
Arithometer. Charles Babbage, in 1833, @esigned the first 


gt 





ee pte 


general purpose digital computer which was termed a "“dirfer- 


ence engine." Although Babbage's computer was never built 


Nn 
fan 
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La 
) 


because of the technical limitation: day, it was to 


be a mNechanjcal computing machine similar in many respects 


: : 43 
Bemewooay S electronic data procassing machines. 


Punched paper tape and vounched cards, previously men- 


1 
be 


hae "been 
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@eored Wii cne Nistory oO: automatic control, have 
important in tne Gevelopment of office automation and the 
electronic computer. Sihess media made poSsible intercommun- 
yeation among anc with office machines by providing a common 
language. In 1870, Jean Baudot, a French civil servant, 
extended developments in paper tape hy perfecting the five 
hole column punched tape. Baudot dessaned the tape to serve 
i 


as the common language for varicus models of telegraph 


machines, As the office equipment industry advanced, 


Baudot's five channel tape became the common language link 
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among a wide variety of office machines. This wasS a 
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Sasnitfceank stem toward integrated dwt@w proccssing The 
tPamact punchedscara accountangewmachi nes were Cevised by 


De. Herman Hollerith in 1886 for the purpose of protessing 
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ioe Census 2nrormawon. 
The first large scale. general puxpese, truly auto- 

Matic aigatal computer was developed at Harvard froin 1937 to 


1944. Known as the Mark I, this prototype of the modern 


[tH 


digitai compouter was not electronic hut was electromechanicai 
in operation and contained more than 760,000 switches, relays, 
counter wheels, cat contacts ana other parts. Because of 
the desirability of increased speed and greater reliability, 
efforts were turned almost simultaneously toward the con- 
ReectLOnsofL an clectronic digital computer. 
ed BRAC “electronic Numerical Integrator and Calculator), 
was built at the University of Pennsylvania between 15942 anc 
Hee oO. Vastly superior to the electromechanical computer, 
pee coum pericorm only five to ten additions per second, 
ie eNI Oe nad =the capability of performing 5000 additions per 
, 46 . . = 
second. Dec cer DO Ene ere snes been a ser@e@s of elec~ 
tronic computers which with each generation, have grown 
Miceaacamey "sophisticated. GQaitwally applwed primarily to 


Seo cotmewon of serentifie problems, welectremic digital con- 


puters are now in widespread use for the efficient handling 
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Doubleday & Company, Inc., 1963), p. 93. 
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Of hvuciness dahzend are heing mure andwore used for tnc 
Gentxe!] eieandustyial processes. 

This section nas traced the historical Geveclormient of 
em@ce@matlic contro], automated hendling and electronic com- 
Pacers. Satewne Ragmiage picture co“mleveiy up to datc in these 
three evoluiioneny streams woulda involve an endless catalogus 
of automation achievements. It will be the object, however, 
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Maeve’ Test section co examine the current slate-of£-the-aL_t" 


ij paws tr a lautomation. 


The State-of- ae ge 


ag hm er 


Many authorities have agreed with the view that the 


4S nothing basically new about automation. John Diehold 


. 


ee AUtOMat ion WMst be viewed in proper historical per- 


Spective as a new chapter in the continuing story of man's 


’ lll 
Seg ezation and mwecianization of the forces of neture.”" 


BoabpheCordiner states PREPS eripeouroant to secoeguize thet 


‘automation! is only cne phase in the process of technolca- 


2 


ical progress, a natural evolutionary step in man's continu-: 
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ng effort to use the discoveries of science in getting the 
WesiG S.wornk dome.“ Professor Ralph C. Davis agreed with 
these views: "There is basically nothiny new in sutomation. 
It ais merely a continuation of the tremd toward the transter 
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mae. ,2Shillip sand intetiiacerce from Win to tle MaSoine, | 
ee we peering at condrcssional hearings previously referrad 
fe Com Crmnetti Of Genem@a) “Tlis smad at various 
times: 
ee ee tatt te MOINE Out thot avtomation is net 
a revolutionary eee et CONTA MUatLON O- Our 


proyress in mechanize tion.... 


AUTOmattol, a newly coined’ word, to describe an 
ee OL ol OCCSEE ... 


Automation cannot be said to have begun on any 
Serlain Gave, Nor Wane it beesaid that it will end at 
any definite time. Automation is in truth but a phase 
Greour concinuing technological advance.... 

Similar opinions have been voiced by many other individuals. 

From the standpoint of historical perspective, then, 

moePay be argued that there 1S basically nothing new ahout 
automation so far as concepts are concerned. The modern 


i? 


Meeeetay, Wich MakG autlomocre Ccomcrolf™ and handling more 
feasible, and the extensiveness of the applications of auto-~- 
mation are new, however. In this respect, at least, automa- 


Pedi cers Thom che Older concept of mechanization. 


Charlies F. Hautau of Hautau Ingineering Comoany reflect 
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Enis View: “Since automation inay be termed simply an accei-- 
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Peto Che Maceustrial reyomution that the world has beer: 
undergoing for the past 20090 years, its newmess lies in the 


- : - mol) 
tecnniques used rather than in the science itself." 
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. fautau, “Techniques and Methocs of Auto 
ioe, «Seto Pace with AulcWation, op. cit., p. 29. 
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c@matariy Prolessor Gdward Shiis of Wharton observes: "Awto-~ 

Maelo hoe nat cntingely new, but since World Way IT it nds 

@equired increasing importance, primarily as a result ef the 

Gevelopment on complex control devices used by the military 

be] pawy* . rae ~ Pes 

aquring the war. 
While the workerless plant is still a thing of the 


? 


future, the fact is that we are well into the avtomation era. 
During the decade of the 1950's a surge of mechani zatici 

Peer Dlace an U.S. industry. More complete mechanization 

was wiaely applied to certain functions, and by 1960 it was 


possible to detect definite trends in application. According 


to Bright the more prominent ones included: 


PA Mechantzati@n SE more direct Mabor activites: 
sub Seka ticula Sim the ta@: Of M@esemcbliing parts. 
Zu “Meecha cezatwon “of @iaterial mewement (material 


nero dha 3) i Sal movement between machines, devart- 
newee, DiebeamgsPmecommen ~erraicrsy and in storage 
Me on, 

Ce ccweniiee ion Gf control activity; including 
Utiewecorsolicacion of Controis for many machines in 
ene Comm@ee)] panel; sxegram control pe@nmewhicn an antrie 
cate sequence of actions is directed by the control 
Syereerms ang feedback combrol, in which a high cegqree 
Gf sell-reguiation and correction is involved. 

A, 5 5e echanization of testing and inspection actav- 
ities. 


PAO a t eR) in Pr O@eg@s Lieusikries 


ase ee eee ee 


Piers or types of @industries. the “flew” concept 


Ge aeonrmetcien iswmost easwly applied @n the process-type 
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‘Sar peewee. Brroht, “Skill Se ae and Wag 
hapecwe Of itOMameLon, ° Industria Petar rons ji ce 60° 
Pow lems and Progmeccts, eds. George e Taylor and Edward 3b. 
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en ere eot Pennsyiwania, 1961), Vol. T, nm. i. 
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industries. Among these, petroleum refining and chemical 
baecduickbionetsee nepresentative of theemost susceptible to 
avtomation. Thus, in these industries, a high dewree of. 
automation has heen in existence for many yeais (as eariy as 
the 1920's in petroleum). The distinctive characteristic of 
[iemes> PrLOaQUCTION processes is that they operate on a contin: 
uous flow principle in which ingredients move in an uninter- 
rupted stream as they are converted from raw materials to 


meeemcts. Bateritals, generally liquids or gases, are con- 
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meneca 1 


bw 
bk 
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Pesce IPOs Ci tanks Guring the production process. 


Gauges, valves and other instruments must be monitored in 


uw 
a 


ee, 
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order to measure and interpret temperatures, EPLessu 
liquid levels, and rates within ana between processes. In 
modern flow plants process control is accomplished by a 
SewernaciOn Of Operator control and automatic control, but 
mige adisect labor content is very low. According to Shils: 
Pemeue 15 percent of current capital investment in petroleum 
meme t£acelities 1s fom automation, and the direct labor 
@eweceineoll peecessing are less than 10 percent of total 
coste.>> In addition to the petroleum and chemical indus- 
tries, there has been increasingly automatic production of 
materials that can be produced fre SCONLiINveus Sheet, Strip 
rubber, cloth and even 


or web, such as paper, plastics 


é 
eee eee tation 1s well advancecd in parts of these 


ee ee ey ee a nt Oe a i em 


>3snils, Seow clit. ~ep. 13. 
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progcesscon. In the fiow-process indtfstties, beyond autormtic 
Leedback instruments which turn valves, start and ston pumns 
and motors, etc., the trend is toward moro sophisticated 


4 


ioeiruMmenbeatbdwonswath  computersedirecking and controliina the 


process under minimal operator supervision. 


Beeesutomation of Discrete Production 
Peo eee LSTINCLIOn 30 manulacturing operations 
focuses on the ditferences between production in flow pro- 


cesses, Gescribed above, and production of discrete units 


SeeoutDut. The wetalworkingd industries, for example, engace 


/ 


"7 


@eemaraly in discrete production. Automation in the handiians 
me maSsciied ing Of metal parts is more difficult to accomplish 
than in a flow-proecess plant. Aliso the variabies of process 
control are different and generally more numerous. However, 
in recent years, tnere have been increased efforts to apply 
jee Principles of continuous flow and automatic control to 
discrete production processes. The greatest progress has 
been made in the manufacture of simple, high volume, Shand 
ardi zed row” for examole, screws and metal stampings. 
Beyond this, there has been a steo-hy-step progress toward 
greater automation in plants producing more complex end 


pmeoaucts, 


nr rr ar rem ee 
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Poeirewe CO-GInos, AUtoOmakion in the “Manufacturing 


eee Omalsonoond Society, op. cit., p-. 20. 


wa 





ee wee ee pene ee ee 





4). 
tke should not be assumed thet tire @dvantayes of auto- 


ewoneane availablesonly to barge, mass-production com- 


Pamies. There arc degrees of automation. Entire processes, 


foe oe OfePprocesscapeor indiwidual onpemotiensmaay besawkona ted 
@emeoncitzons dictate. Automation mav he compicte ox par- 


meer. 6 INGVIGwaAl Operations in which a ign Gegree of auto- 
Mation now cxists include material hendling, packaging and 
inspection, In addition to the design of complete and 
Pertially automated systems, the automation industry nov 
places much emphasis on designing flexible automation equin- 
Meme Waich is suitable for job-lot types of operations. In 
many cases advances in the automation state-of-the-art are 
miemaitated by “rethinking or redesigning the product and 
Me procuction process. This is especially the case with 
regard to assembly operations, perhaps the most difificult 
Srarl to automate 

Pac eeamaltolaere Labrication and Control in discrete 
preocuction has heen achieved in many plants by uniting the 
me ormatiom=handling capabilities Ceteoeurers Wit produc 


in 


ction machines by means of 
@ 


Prom erreak COntrGl, A Machine tool can cut metal shapes 


Pa eeecalyconcrol, or example, 


automatically by following ‘programmed”™ instructions recordec 
Speta eee punchea Card. The tape or cards are read and 
interpreted by the computer which controls the motion of the 
machine tools and the workpicce. An automatic feedback 


Oe eetmopete ea to Cerect and corrcet deviations from Gesired 





values. Mo the Meaging edge of autem@mtion in discrete Pru 
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Cee One Custeee@s Bre efifopes, wherce@oendiimons warrant, to 


rs 


achieve complete automation of the process from beginning to 
aeoetnweughiwehe intecration of automatae handbing, automatic 
assembly or fabrication and automatic control. Some ervanpies 
Of automation applications and installations which are 
bepoited in the current literature are pilesented in the 


fel lLowing pagegraphs.. 


hn en ee ane 


Since its original moving assembly line was completed 
in 1915, the Ford “Motor Company has progressively stepped-up 
BetOrcs to achieve continuous automatic production. For ex--: 
eee, Od Seer tbed ODpGrakions in 2952 in a new engine plant 
in Cleveland. FEnagine blocks were nroduced hv a hatteryv of 
Yj. machines linked together in an automatic line 1600 feet 
Jong. The orocess includes over 500 machining operations on 
each hiock. When the plant first began operations output 
was estimated at 154 blocks per hour, requiring 41 workers, 
compared to 117 workers required to produce this number of 
blocks by use of previous methods. Since then continued 


improvements have made the plant, as it was in 1952, chso- 


Veto.) sche reported that "ian four research visits to the 


Tv 
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Ford Cleveland plant over an eighteen month period, the 
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cylinder hieck Jine never appeared the same twice. AL watts 


Pete 
om visit. ‘ 
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PikeiGC ovene® Changes in machinexsyesimee the) 


The Beloit Corporation recently comnrleted SOnstruce) o 
y I 


il 


of a continuous flow newsprint plant which includes an inte-~ 
Seated control system linking 311 parts of the PHOCSE SS ik 
computer monitors more than 260 critical points in the ae: - 
cess and exercises direct digital control over operations 
throughout the process from wood grinding to finished paper 
Me-ling. The computer collects and analyzes operating Gata 
and advises the operator of unacceptable conditions. ‘The 
paper making machine itself is 380 feet Lona and is con- 
: ae 
structed so as to provide continuous-flow production. 

An example of advanced automation in the process 
industries, epecifically the petroleum Mmnoustiy,) 1S hSS50's 
refinery near Southhampton, England. ‘his re 
recently presented "The Queen's Award to Industry 1969" for 

outstanding achievement in technological innovation. The 
rerinery's production is directed, monitored and controlled 


by an "electronic watchdog system" which constitutes “the 


dargest and most advanced use of Comeurervcontrol in the oil 


right, Autowation and Manageicnt, op. cit., p. Gi. 
5€ 
Gomuary, (270), pp. 84-85. 
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New Jersey, Winter, 1969), hh, ne. 


“Papermaking in Prodigious Proportions," Automation 


a 


Beanoiiamay " The Lamp (New York: Standard Oil Company, 





Curment steile~@ef+the-&art in automatic essa@mbly is 
exemplified by ome type of "“Benerson Automator" which auto 
matically feeus, positions and joins eight separate paris 


gn the assembly of small electric motors. The mechine pro-~ 


grea 4 
= 
SOA .. ; 
auces 1006 assemblies per hour. AMOrNCr Current automa lion 


device performs 12 automatic assembly operations including 
Mittin, Spinning, eyeletting, tapping, cut-off, placement, 


screwariving and staking in the assembly of a seven part 


Si 
teleonone component. 


" series of machines produced by 


The "Milwaukee-Matic 
eae fe aes ana Trecker Corporation provide an example of 
edvances im numerical control. Now in their fourth genera- 
tion, these numerically controlled machines are able to 
PeelOrmM automatically a variety of operations such as cut- 


Mie Cedming, tapping and coring. Capabilities include 


fPmeeme too! selection, eutomatic tool changing, and auto~ 


a 
a o 0 ® e - s 

fert.! Leeaibac!t control. fia Uimenate Robot’ iS 4a mulii- 

purcose handling and processing machine which can he 


61 
peogeemmed tO perform up to 160 sequential operations. 


Chviously, the examples presented here are not exnaus- 


tivVe C1ther in terms of current automation applicati or in 


© ee ee ee ee 
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Bee U ® CY) e - + 33 « Ave 
Pe eoetmier OtOLS AUtonatically Assenbleu,” Automa- 
Laon (Dece:nger, 1969), p. 156. 
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Pe totaewG fosembly, Seutotation (Decenner, 1969), 
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Muzona tron (January, 1970}, pp. 76-77. 
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'eitonet wen. (December, 1969), pv. 4i. 
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Perms Of Wutomaefa anstallatrgne. Phey are, hovewver, tilue.- 
Mer oivoe (We tic current stsete-ortha -art an inc 


met On, 


Menupacturing Operations Current’y Automated 
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Peet neretercations of the state-ojm—tne-art ima manu- 
facturing automation are revealed by the extent to which 
Peet i1c Manufacturing operations are currently automated. 
in a recent survey, conducted by the Market Research Depart- 
ee Ob AMLOMATION s, COipanies in all manufacturing industries 
throughout the United States were asked to specify which of 
their operations were automated. Responses to this question 
were received from 2,587 establishments. ‘The results are 
shown in Table ZI whicn indicates, for each oneration, or 
eee eer et Ons, Lhe percentage of ccmpanies automated 
as of 1968. Table II, based on the same study, shows the 
amore, toom 1961880 10968, in the use of automatic controls. 
For the years 1961, 1963, 1965 and 1968 resporses were 
meeciveo from 2,/128, 3,440, 3,301 and 3,752 satay ents 
respectively. The overall survey evidences an upward trend 


ay tive apolication of awcomation equipment and technigues 


ewe semene ard Technological Evolution 











The purpose of this section is to briefly txrece the 
agevelopment of professional management in relation to tech- 


Bel@iteal ~e6volution. 
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MANUFACTURING OPERATIONS 


Operations 





Assembly Machines 

Calendering, Sheeting 

Gestingy Fereangye Rolling 

Sarting, Shearing, Forming 
Poieeeag, Closmag 

Minishing, RPagwhiting, Coating 
Hendlings, Conveying, Transterring 
Beating, Baking 

Heat Tr. 

Inspection 

Machine Tools 

Mechaine Tools, Automatic Load & Unload 
ieeeene To@ls, Tape & Card Control 
Mexandw, Blending 

Meeaing, Extruding 

Packaging, Bundling 


Pies ng, Poli ishing 
Pem@eing, Marking 
Processing Machinery 


mecauction, Inventory Control 
Pumping, Proportioning 

pawing 

Stamping, Drawing 


Storage, Feeding, Sorting 
Testing 
Warehousing 


Washing, Cleaning, Conditioning 
Weaving, Sewing, Stitching 
Weighing 

Welding, Riveting, Fastening 
Vinding, Coiling 

special Production Lines 
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(conducted by Market Research Department, 
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TABLG Id 


TRS DiePUTOMAPRIC GORTRO! =@ 1LO6L TO 1968 


macconlage Oc. Plants 
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L961 ones: 19 Gus 1960 
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Drive and sneed regulation 76.4 86.9 Ota e 88.2 


mrconatic CONLrTOL of 
Sequence operations 66h2 Fas a2 (ieee 


Process sensing and 
@ererol instruments 46.3 Bae 9 bt eras oyna 


Automatic measuring 


and gaging Lt eae oe ee. HORUS, Bore 
Automatic weiahina 50.0 See Bed Ome 


Process analyzers ao.8 25.4 2a. 3 2 
Computer control 6.0 eee ee | ee. 
Remote control of / fetes y) fig ees) es 
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Peulce-—) 19Ge Automation Drends Survey and Forecast, p. il. 
(Conducted by Market Research Department, Automa- 
tion magazine) 
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THe emorgercée angedsceetion of thonallement thoucht 
iia Sverre mmbuenerd hy eeonsmic, sot®rl and wmolitical forecrtr 
peework in thewenvironment 2s well as hy tevinnolodio@el forces. 


Ber “example, 11 enumerating what he considers tne most «tim- 


Reng concept: 


6) 


for the menagenent movement, Jobn Mee 
meeluces “the Protcstant etiac,” "Svucial Paxwinism," and 
in) eeaenoneroc’ techaeibogicalsaias to 
human effort. 


By the beginning of the nineteenth century the cfifects 


of the industrial revolution were trickling to the United 


States. With the rise in technological innovation came a 
changing managerial environment and a resulting contusion 
ee etenaiement aceerell as for the workerg. Old technicuns 
and methods became obsoicte The deciine of the craft system 


was unsettling to the skilled worker. Owners and managers 
mere Wontrontec with problems fermvhichn no precedents 


existed. They dealt with these problems largely on a trial- 


— 
a 


end-emror basis. gement did not exist as a body of 


The United States was still predominantly a nation of 


oe 


small, individual business enterprises until after the Civil 


ne@ar Lor, ner much 


Fy 


War. There was not @ great deal o 


interest in, formalizing management thought. The advent of 


FN ce ry ce em 


62. 
fo? ieee, Manocement Frcucht in a 
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(Hew VOvkseeew York University Proers, 1°63), y. TS. 





Pie i gCLcry Gyeian we larce inuustrial onganiwa'tious changes 
aes, 6 The Sve ened cemplemity of factories led to probljans 
that were inpessible to solve without planning systematic 


a (ex 


Meee tsOnshins of work methods and etfectaverorganization. Lt 


y) 


wes Guring this period--the later part of the nineteenth 
cemtury--that the growth of a managerial class became aepwar-: 
oe Panademenewsegan to change from a day-to-day, brushfire 
feo] Of OPGrota@m to a niore all-inclusive, longer~-run 
approach. “Improvements were begun by industrial managers 


ana industrial engineers in methods of work and wage pay- 


[wewes. COSt Ccomtrol techniques and cost accounting practices 


developed simultaneously with waste control and oneratinog- 
of j « a ’ L 1 53 ( tag oat * ~ 
fers ciency mothods. OF we Gee Seman gerial sayq-heaval 


JS 


emerged Frederick W. Taylor as the "father" of scientific 
fMenagement. “~“*iithough Taylor's work stressed the develooment 
of standards and improved etficiency he also devised tests 
for placing workers and advocated hiogner wages to workers. 

He proposed a broader, more cormorehensive view by managenecnt, 
incorporating the elements Som olanneng, Obdanizine and.con- 
fol Line. 


As the United States moved into the twentietnr century 


ere industt iar revolution continued, apd the scientific 


: ba) 


management ssovement gained momentum. Tts methods hecame 
more widelv known anc xrecoenized, and its techniques were 
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Gamanted an chiuvp@nen. Vine incvteecing ofiea6 and compl cyl 
POUW@a@mee ec! Chi@@prise led to thewarmorth in npopmilarity c 
mie COrDOrete form Of business organization. This resulted 
im” a chamge in the predominant type of managers from the 
Myo al pattern Of ONne-mMan Manayatent. The corporiute form 
required a aegree of muitiple management to accommodate the 
separation of ownershiyv and management. There evolved a 
mew Stage of manaqgenent thought which concerned itself with 
the overail organizational proklems of cepartmental division 
of work and coordination. Sometimes referred to as “admin- 
Peteative Pemagement theowy,’ thais®new stream of ma@fagement 
thought khlended with scientific management philosophy. 


a e 1 ° Pe 5 A e -~ 
meee period, Erom about 1905 to 19530, eee Weeden: 


RY 


type of manager was predominant. After the economic catas- 
trophe of the late 1920's however, the tinenciai neanayers 
Meee Puotte Contidence and deciined in influence. Subse- 
quentiv, tne "professional manager" emerged, and during the 


1940's the conceptual framewor: for management ceveloped 


f+. 


Reo a “process for management." Henri Fayol first presented 


the concept of the “management process" in 191¢€. The inanaga- 


a 


ment orocess, often referred to as the “functional approach,” 


is .oriented around the functions of management--planning, 


Cece ro liom OCani2tng, dim@ctine and staffing. It per- 


at 
ceives management as the process of setting and achieving 


Re es gn ay mg 
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So yectiMes or G@sa8@ed resvlts by the use of peopie Bna Pari. 
itating resources. 


Without claboratine on other "schools" of mandgerient 


Meeought 17 1s sufficient to Poy tet Ene tools of modern 
management have 1ncreased dramatically since World War ih, 
particulaxly those techniques which facilitate S0els Bra cap arse 


and quantitative approaches to Ponagcemenoss Cain, these 
developinents in management have paralleled rapid techncolog- 
ical change. Some have said we are GXperiencing a second 
industrial revolution in which automation will play an 
impoxtant part. In industrial firms where extensive auto- 
mation takes place managers can expect a changed managerial 


environment. 





CoaAyeR Lt 


AUTOMATION AMD PLANNING 


introauction 
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The managerial function of planning is defined by 


ring and the establishing of re- 


nl 


Poin Meewas: ‘wee eons i de 
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Macec facts and assumptions in advance in order to Ccsicn 
Pee ci@sern @onbamatiom of actions that will result in 

. . ba} I . os al ld 
attaining predetermined goals." Elements of the planning 


Beecess anclude policy formulation, the development of strs- 


@, 


a . 


Meeiec Plans, Gstabiishing goais and setting objectives and 


a: 


Forecasting. Non-repetitive decision-makina Pope ineluwoed 
Se ocinGweenias toOosehesplanning function. Mee states? "It 
is possible to make decisions without planning, but the 
mIOUCgHisOL planning without decision-making is ifitolerahle." 

it may be that planning is the managerial ction 
most arfected hy automation. An observation by George Mollor 
reflects this helief: 


wer eeetme ng is becoming the main preoccupati 
Matador. jin tact, the Sele the pace of cnange, 


Q) 
pas 
© 
ga 
ian 
o 
1B, 
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the Geese theyneed ror pia Para Eo longer peu od... 
Pipes must reco sao SUCOMMELON as the Cirec- 
€i0n in which all development points, in spite of the 


John F. Mec, Management Thought. aD a SAAN CO Cow 
A EEE 5 Lee a atte — - 7° - 


(New York: New York University Press, 1963 Cae. 
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pect thei. enénces Ji an autotie tic operation ara ede 
ioc 86° Cages CNL Gian inf 6s Warnemi one. 
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Se sariy, Prceles-or Malius Rezlhe’ states: “Tio IeaaRarto 
Peron Of DIM Ing 1s ceM@ainly, =tFecBed *y automation. 
Peeense Of Che Major technical, Minanciral and hevmen nprohlei 


Perret 10 autOmaten product:.o4, its introduction requirasc 


Mmoe cat CeCal of plannane On a hasgn nanagcehial level well win, 
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advance, 


Seee ore thacechapter 15 toesTiscuss cewtain 
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Pee wic elrfects oF automaticn on the planning function and 


mem ectOrt, in part, the mutts of the suavey conducted in 


Connection with this study. 
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Sypically, the automated production line or process 


is a highly cfficient producer of tn lets 
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for which it was designed and usually a very unsatisfactory 


z. | 
e a) er 
producer of anything else. In most cases the fined costs 


of installing an automated system will be high in comparison 
tO variable costs cf operations. Once committed to an 
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George Molier, "Willi Menagement in smaller Companies 
Mee? Pace sich) Aucomaction,” Advanced Managenent Journal 
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(ors eos) p>. 48. 
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juaas Regier, Banageriaal Functions in the Eré of 
Peectatlon, wuwed., Dp. 59 


Hewlese =, Bracot, Autoro zion and enegeiten - (HOLrvViOOS, 
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aetomated live, chang@ in @esiaqn or meehact hea MOC 
Seely. “Wath ea larqe fised investnent redativeste var iwi 
Costs, total costs cannot be avopreciably reduced by cutting 
output. Fuxthermore, the labor force in an automated plant 
O© factory is likely to consist of more salaried personnel 
fms labor costs tend to be fixed also, because salaried 


technicians, maintenance men, etc., must be kept on the HOD 


it} 


emeeOng as the plant is operating, regardiess of the level 


Of output. Alsc, automation is most advantageous undex con- 
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ditions of stable, continuous outrut. Therefore, even mate- 


ee COSGtS Way tend tembe reletively fixed due to the 


Q) 


necessity of long-term commitments for materials in order to 
ensure a continuous supply. The combined result of all these 
Reactors is that the completely automatic plant is ee Lae iy hy 
inflexible as to oduct an@ velune. This meens that’ the 
Function of planning, particularly long-range planning, be- 
comes much more critical in the overall management process. 
ee eeence eceween aSrelatively high deqree"of flexi- 
bility in a conventional ie and the iunflexibility of an 
automated plant demands extremely competent, realistic and 


sound advance planning. 


Expanded Planning HO 1 7@ 
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Automation is characterized by the interdevendency 
Wie eete si MeeGtation Of the various eciemants of the eroduction 


System. The flexibility of individuel, multi-purrose, 





Pet ivelM move@sic mochinds that) cam bechifted row une 
adapted to another product is not present. Consequembly, 
the need for careful system design is much oreater in the 
automated plant, production line, or subsvstem. This re- 
auzres that management expand its planning horizon. Since 
changes are usually so costly once a process is automsted, 
ge 35 necessary to anticipate required changes and design 
tne system to accommodate them with minimum Ci Ea cules 
Purthermore, a commitment to automate has to be accompanied 
eyevcty Careful planning and analysis with megera tO such 
actors as product demand, reCtiwerOg Cal OOSOLeESCence ang 


dk 


bse 


fe OF the production system. 
Herbert Simon has predicted an expansion of manage- 


ment's time persvective: 
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»--.3n Luture years the manager's ne 
will he lengthened As automated nn ae take 
over the minute- Nese intlesuotee and day-by-day i 
Of the factory and office, the humans in the system 
wilt become increasingly occupied with preventive 
maintenance, with system breakdowns and Hiei wOnS , 
and--perhans most important of all--with the desi.gn 
and modification of systems .... the company execu- 
tives will be muc ch (more G@rcemned wath tomorrow's 
BuLomat1C tactomy. 
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The integrated and interdependent nature of automation 
means such a basic change in production that management 
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ly to be affected in a way that amounts 
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Row, 1965), pp. 27-48, 
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to an Gxpendéd Bye of toe Ghienmérigda. Uhohs weclians si lie. 
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Mereecratea system from introduction of raw material to Cou- 


Merion of the final product or subassembly. 
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Wnile various types of husiness forecasting activities 
are highly Gesirable in conventional manufacturing enter- 
prises, the forecasting element of managerial planning be- 
comes even more necessary in automated plants. The marketing 
Of 68 high volume os generailv standardized vrodsuct coming 
Pee UtClgatca Orogucti.en line has to be olanned. Greater 
emphasis is therefore likely to he placed on sales forecast- 
ing wnich must be wedded to production forecasts. The 
requirement for increased numbers of skilleo technicians to 
man the automated facility suggests more rigorous Ianpower 
Forecasting. Likewise, the high fixed cost of automated 
systems and subsequent changes indicates a need for longer- 
Pee eee ret a Prorat f£orececting. It is therectrore 
Meee maeeee tie tCrecasting encompasses a greater range o 
et soto c eT ieee toMmated firm: that forccasts are made 
more frequently; and that they tend to cover longer neriods 
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miaani.t the consequences of error. eeevaniial clant ma mene 
os oki pts 


Filial shortages, an inoperative machine, and poor proaveiaan 
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scheduling might have only a slight cumulative effect. on 


an automated line these conditions might halt Produc ii ON 
altogether. Because of the seriousness of 111-consiceres 


SellonsS, compressed decision time-frames, and the number of 


decisions to he made an automated system puts addec pressure 


On the decision process. ‘This suggests that Inanagers of 
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automated facilities must ay eres igi On. syereratic 
ana analytic aids to decision makir G. A statement by Drucker 
SSeMms particularly anpropriate 


in dealing with their new tasks, the managers of 
ene 1960's will, to a large extent, have to employ the 
Seme toGis they ore using today. But managers will 
also find, increasingly, that they are expected to 
know, understand, and handle new concepts ana tocls of 
management. Increasingly, they will find that they 
are expectea to use systematic methods of enon 7S1S 
and decision-making, supplemented by new Sy stematic 
tools of communications, computation and ee NOt 


Executives can safely disregard all the fanciful 
talk about the ees replacing managers and making 
decisions. Maunagers' work, it can be said with con- 
See 2S going tc be more important, and their 

numbers larger. But the tianagement sciences--such as 

operations research or decision-maki Uo" UOC TC=-ancd. tne 
hew electronic tools and systems are going to make a 
difference, even to the manager of the small businese. 
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And the manager of 1976 will need all the help he 
can get from such new concepts and tools. For his 
FOD.1S Going to he so complex, so hig, so demanding 
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Tt 28S peLthps desirable to first review briexly s#eme 
Of the intoxymation concerning the survey of ccupanies thaich 


was described under Research Miethodology in Chanter 1, Of 


the 990 companies to which questionn2zires were sent, 247 
C@mpanies responded with useivul information prior te the 


Cuc-Orf date. Thvrs a useful response rate of 24.9 per cent 


waS experienced. eegorr Zid these 74) companies Dy ~autc- 
mateac"” and “not automated” production prcecesses resulted in 


133i companies (53 per cent) falling in the automated group 
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and 116 companies (47 per went) in the non-automated aroun. 


estions 3, 4, 5, and 6 of the questionnaire were desianed 
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to determine the effects of automation on certain aspects of 
manageriel planning Pepe peses Or tEabuliating and analya- 
ing responses, Questions 3 and 4 were subdivided into 36, 3b, 


Meeeano Gis. 
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Vi @eeSM@celt that eee Imeeet one if@ication of the rele- 


Mave witeeescity fOr Lormalized vlanning experienced by menage- 


ment could be obtained by determining the extent to which the 
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mest ei fective anstrument berny the > olpeaction. Die 


Mersctence of a written plan of action ptovices evieence or 
@mo is one measure of how important and hew criticel planning 


1s for management in a Given company. ‘Thus Questior 3a was 


Mecca ees tCllows: "Dees your wonpany have a wheiibe: corpo- 
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Pate plan?’ In response to this question 101 companies (77 


er cent) in the automated group of 133 companies ansered 
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Myes, and 3G companies (23 per cent) answered 
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ioe Solpethe 
non-automated group of 116 companies, 36 (31 per cent) an- 
sweced “ves,” and 8C (69 per cent) answered “no.” In anais-- 
eet oS roo Es MEhrece statistical tests were applied: the 
Chi Square test for incgependence; the test 
Oe Peocortionsy and estimation of the population proportion 
Welch @econtadence amtervel.. 

The-Gnhi Square test wath “two-way classification” was 
applied to test the salle thet the two characteristics, 
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repress 6ferhe other chyraucteegetic. Dt OMe, 15 
mie tO Cian@erteristics are in@emendedit thea» time WHO LHOF £ Lom 
of companies with written plans neviag automated production 
geek be the seme as the proportion of Companies wai Lhout 
weercven plans hating autoated PrOCwemony The@robsenved 
waive of Chi Square was computed to he 52.85 wrich is much 
mereger than any cr#tical value of Chi SCulcree  =Or Cne-deqrec 
of freedon. 2 Yor example, the value of Chi Square with one 
degree of freedom at the .5 Pewee ere OOS eievel of sienati- 
cance is ~~. The observed value of 52.85 lies in the 
eeriticad wmeg@#on” whieh*calls for Mejccting the hysothesis 
of independence. Also, using a null hypothesis that auto- 
mation does not have any effect on firms Deano siwitaten 
corporate plans, a comparison of the observed value of Chi 
eduare with the epitical value of 7.86 results in rejection 
e Pemnuli hypothesis. 

Usingethe observed response proportions of 77 per cent 
the automated companies having corporate plans and 31 ver 
cent of the non-automated companies having corporate plans, 
the test for difference in proportions was used to test the 
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hypothesis that the two POOMIGtior proportions having wrettker, 

Sewn erewedual. The test tadwit saadicatcd Coeerwtnie dif 

ence in population provortions was Pigui#ican’ ®t whe 1 por 

Cent (.01) level. Based on this result the hypothesis whet 

Emme two population proportions ire @galewoulc ince rejectecg. 
ee -20ering onjly the SGSPENsS|es OF commanice in the 


sutomatea group, estimates of the autornated popurtation pro- 


Portion having written corporate plans were cownuted using 
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cent confidence limits were .698 and .842, and the 99 Pes 
cent confidence liinits were .675 and fo650. Tneretore, based 
on the survey data, it can be said with 95 wor. Cee Conta 
Seece that the proportion of automated companies having 
written corporate plans lies between .6¢8 and Oe a ne 9 
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between .675 and .865, 

Estimates of the non-automated population PEOpoOLrtiLon 
having written corporate plans were also computed by deter- 
mining the limits fer 95 per cent and 95 Pee wCenc Ceniiacmec . 
Me resulting intervals were .226 to .394 and .199 to .421 
Pe -Deceively. 

While there are very likely other causal factors 
(Particula@xly company size which was discussed in Chapter I) 
which enter into whether or not companies have written cor- 
porate plans, the survey data from Ocestion 3a Support the 


hypoOwm@sis: Wet the managoment of anucuated companies Cons 
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Besos OF periods does your plan inclWde-~i.e. 1 yr., 5 yr., 
Mupeeee nO 5 yr., Gec.?” The purpose of this question Was to 
provide for a comparison of the automated and non-autonated 
groups of companies in terms of the length of planning 
periods. Of course, the comparison is only between the 101 
companies in the automated group and the 36 companies in the 
mer aNLOmMalea group which indicatec that they have written 
THe Mesoorses were firs tabulated czactiv as eech 


company answered the question. The results of this tabula- 


t#on axe presented in Table £TII. The major ajiiterence be- 


Lo). 
i) 


ple iit 


Aw 


tween the two groups shown by the figures in Tal 


that 45.55 per cent of the automated companies have one year 
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pote 


and five year plans whereas for the non-automated group 
Weegee Toeca.tt per Cent, Also, only 7.92 per cent of the 
automated group have corporate plans covering only @ period 
of one year. On a percentage bhasis, approxinetely twice as 
many (16.67 per cent) in the non-automated group engage in 
Onc yeur planning only. 


Peete analysis Of Vable Til shows that 56 companics 


ee ee at ENC aeULOmMates Group have mulliphe Yeér 





pions. In the nofheautommted aqyoub 16 emtinanies (44.4 per 
Cent) indicnted that they prepare multi=ear Viens. Usa 
these percentages, the test for differcnce in eertela lion 


promortions was made. The test results indicated that thore 
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a= not a significant difference in the automated and non- 


automated population proportions having iultiple year pians. 
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The test was made at the 5 per cent (.05) level of signifi- 
cance. It is repeated that the populations referred to here 
ptweerertlected in Table IIs are not “automated coipanies" and 
"non-automated companies" but “automated companies having 
written plans” and "non--automated companies Navaine written 
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plans." Therefore, wnat the survey response indicates is 


that for companies which have MLC Cemeee Ss COoVverimg. any 
period there is not a significant difference, with regard to 
muitiple year planning, between the automated group and the 
Hor-autbomated group. 

ee cone ement Of the information in Table III pro- 
vides fcr easier comparison of the automated and non-automaicd 
groups in terms of the number and percentages of companies 
which have plans covering specified periods of time. The 
Pee tanger in Ormation is shown in Table IV. An individual 
company may be included in several DlLanning periods, The 
cumulative percentages are therefore greater than 190 per 
See eon adestion in which the investigator was inter> 
@- "ed was whether or not the survey data indicatedrthat 
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automated companies tend to engage in long 
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Mert $3.17 per Geatt of vche autogae¢ ai.cum (haVand wa§tBttn 
pomenns; have 1liwe year plans, THe correspording fiqgard@ Sor 
ee HON aultomeied gioun is 72.22 per cent Breed on tho 
test Jor difference in population proportions 7 Lt Wie COMe 
Geemeee thet cne@re as nok a significant Cdiittexence Metiveen the 
twO Groups with regard to having Five year plans. 

Piueeam be concludcd tnen from an analysis of Tables 
weeeora tY waat, consivering only companies which do Mave 
written corporate plans, there Go not appear to be signifi- 
cant @ifferences hetween the automated and non-automated 
Companies with regard to the amount of multi-year planning 
ana the extent of longer-range pianning. 


ToOwenabic a comparison of planning periods based on 
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Mero ea! Niwer of respondents in each group (instead of 
Just the numbers of respondents having written plans), 
Tables V and VI were compiled. The percentages shown in 
Tables V and VI for the non-automated gicup are generally 
mach less than those for the automated group. The lower 
percentages tor the non-automated group result from the 
relativeiy large number of non~automated companies which dco 


Net have written plans at all. 
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Computed for both the 5 per cent (.05) und 16 per 
@@ntct (710) levels of significance. 
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Im an art cle Br tie "Me Sagehitintl THture SF 
Objectives’ John “ee states: 


2. NS CNtTILCe WAneCGnent PFOClSs congdi ns itseli with 
fovenworm Weans lO .eali ze. rrece late Wed Vesulks.... 
Objectives nay be general or spcci*ic; eae May concern 
imine OreenizZeation as a whole, a sament of it within a 
aecentralized unit, or even a particular function such 
SemeeOcuct1Oon, sales, or wersonme!.... Uniess preuctae-- 
Minec objectives are set and accevted, little or no 
Dasis Gkists for measuri:a the success ana cffective 
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ess or those who perforin the management functions 


With regard to setting objectives and goals in the automated 


Production environment Bright observes: 

NO once: Can managenent simpivy “run” the plant to 
make whatever is selling. Now, management must decide 
well in advance exactly what it wants to make, how much 
Zt Wants to make, at wnat rete it i3 to ke made, and 
Omer whet peritod....Breroefore,- am Be eeuleny Socerut 
oLanninde HO, which means layinad Cowie CO loOnr set of 
requirenents of input, outnut, and opera ting character- 
istics for the supermachine, ee be @gone. 


Pieecenivelaing tne Sucvey, 22 was felt that the exist- 
ence of written statements of objectives and goals would he 
another indication of the importance of advance planninc for 
management. In order to obtain data for a comparison of the 
automated and non-auiomated groups of coinpani¢cs Question 4a 


Meese kcd: “Does your company have a written statement of 
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Gugectives and goals?’ In response to this question 80 
companies (61 per cent) in the automated group of 131 
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“John F. Mee, “The Hssential Mature of Objectives, 
Management: A BooK of Peeeiags, eCs. Harold Koontz mee Oe 
heme! Glee Yor: McGraw-riil, Inc., 1968), pp. 53 
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Pron Of the oonulation proportions within conficence inter: 


Mie ob@ervea valve of Chi Soqnare cbhtainea through 

Computation wes 34.10. When commared with the critical value 
Of Chi Square with one degree of freedom at the .5 per cent 
(,.005) level of significance, tine Ooser veo volvo callie fcr 
Begection of “the hypothesis that the two characteristics 
Scype Of production process" and “existence of written staic~ 
ment Of objectives and goals" are independent. Also, the 
Soserved value of Chi Square Gues not support the null hypo- 
tNesis that automation has ne effect on firms having writclen 
Gbtcectives and goals. 
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The chserved response proportions of 61 per cent of 
time automated group ox contities and 24 per cent of the 
non-automated croup heaving written objectives and goals, 
Meo peeet vel’, wers used to test for difference in the two 
population proportions. The test results indicated that, 
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Daeeo On the survey data, there is a significant difference 


Peeene fomlietiOn proportions at the 1 per cent (.93) level. 
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ConM@ic@inmce limit estarmates of the population mromwr- 
PoneeoaVving $item statements of objectives and goals wewe 
camputcdetor beth thesautomated and non-automated fun la- 


fens. The 95 @na 99 per cent confidence limits far te 
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Mm weccteevely., ‘Mae corresponding confi@ence limits for the 
Meee lOmMobec POPUlation were .1622 & .3178 amd .1L377 & 3423. 
The statistical results ohtained from the xesponse to 


Meet On 4a Were Similar to those for Question 3a aid indi- 


cate greeter anporteance attached to advance planning by 
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Management in automated companies as reflected by the exist:- 


ence of written statements oc objectives and goals. 
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question was 











asked because or an interest in determining if there anpearad 
to be differences (primarily qualitative) between automated 
fic n-cUTGRI awed COMDAnHCSH im the natuxe ef their ohjec- 
tives. 

Where was great reluctance on the part of the resnone: 
ees tO fe etoe copies of their objectives. This was true 
Far both ine automated om the non-automated groups. Of the 
eed ndieatioag that they hove 


. -_ 
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written statements of objectivet only 12 companies (15 per 


2a 





Senteenetued ly epxroviter cepLes with their teturnad cruestio 
Naives. Out of the 28 non-autowated companies navine writte: 
Ob)|certives omy 4ecompanveoe(44.3 wer cent) forwarded copies. 
Many companies stated that a cony of their objective® coula 
nec fee provided because of their “confidential” natuce or 
Ziti leee@lioyectaves are "not for outsice viewing.” Becuuze 
) MaeeROOl eecnonse, to this gquesticoneit was not possible to 
Meke a comparison of automated and non-automated companies 
objectives. For illustrative purposes the first stated ob- 
jective of several of the companies that did provide copies 
were excerpted and are quotedybciow. 


Automated Group; 


petnen ye A~ “ihe See OogneVemigicing Obiective of the 


Memecgencnt of (Gempany A), over an indefinite period, 
SES Got ze the return ol the resources entrusted 


on wt, acomsroawent with the best interests or customers, 
employees, stockholders and community. 


wemeany B--®e.develop earnings per snare that can be 
emstaaned Gwe the longexange and can he wancreased pro- 
sressively without erratic swings during various 


@e -clical periods. 





em pany C--To make a profiteby serving primarily the 
( ) industries through engineering, manufac- 


ture and marketing of high-quality products, 


Wee ge fe CONtr bute toward a better life for our 
employees and their families. 


tecnnology company 


o 


Company &--To build an integrate 


Company F--To manage our business with the primary 


Gremeclivescrt mekimgd a Gonirisdutiom to socaety. 
Non-automated Group: 


Corea, Gore, . tO Carerzully phan, erganize, coo 


a ae Se ot ete 


ee 2: 
@M@oecontrol its available resources of time, space, 
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MetTSeniel, mMemep and peopio te Insure tméir mast mmo: 
C#uctive and ef ect ite 1 ee ee 


Caipamier "I> @eCcevc and fulfill its responsibil ties 
Bi ice tinw tle private enterhmrge system. reeog- 
rai OMet it 2a tneas svstem of govaencnt which has 


CLV. OSS OMPOLbunity inmethe Airsteplace., 





Comma a= lee Oele — TO proM1.Gge an creironment “or 
rae cdg@inaty , ae Satisfaction and conal 
Opp @einim: tv f oneal] employces. keturn - To acnieve 


a rate “of neTimiren net worthwofeibteafter taxes, to 
assume above @verage risk to achieve this ahove eek 
Peewee. & Nehwevcinent of this yveturn in the short run 
Spoul@emotc be a@t the cxpense oF long range progress in 
Such areas as research and development, manufacturing 
eee ao cewerTuISing. incentives - To continue 
tie Yemesent pO@icywofepaying a year en profit sharing 
bonus. 
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- particuiar interest are the statements of 


Ji 
. 


several of the companies concerning their objectives with 
medard to “Manufacturing technoliog 
Automatea Group: 


Meomboany Vi~-..,. CO aggres Sively pursue NeetIniZec. tro 
Wat zL Ho. 


cesses from the Sie eed engineering and manufacturing 
a particula ly with respect to parts and vroduct 


tangeedi zati aera Integrate 411 production overa- 
63 POnS Whemever ~economicaliy and technically feasible. 


eee ae se ently imeo related new markets and prod- 
ucts hased upon...existing or newly Geveloped tech- 
nology. 


Non-automated Groun: 


gee, Cee tt organize to innovate in the forming, 
aS, Pea sOMely Or Our ~orodauct . 


Exainvples of the complete statements of conpany objec 
tives are presentes in Appendices C and D for the automatcu 
and the non-automated groups respectively. Individual con-~ 


panies have been disguised for reasons of propricty. 
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Conmmnaxihen of PorUrastine Plectices 
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FOmeCaeomm 15 consadmyet! a part of time oveamll wkan 


Dinemesececs>s. Loepupeectice, however. peta awd Tome@esiing 


= 
Peewee ilLrement agmects of the same proces@. Av Stewart 
Thempson» pat swart : 


Tie contr teweion. of the business plarner is this 
Despite the aapossihility of accurately forecastina trie 
cure, Mery lGemelfacs a range of possibilities arm pre- 
Dberes for tiem, Once this is uncerstood, the dittfexerice 
between planning and forecasting becomes clearer. 
Seemwecasting 1S Gae ettempt to fina the Host prohapic 
course of events or a range of probabilsijes. 2 ramni ns ” 
1s deciding what one wiil do about then. 


oF 


The purpose of Question 5 cf the questionnaire was to 


ie Le 


Obtain information enabling a comparison of automated and 
non-automated companies with regara to verious forecasting 


Sctivities--speciticaliy sales, production, profit, manvouwer, 


Mencia, edtapment, rLacility or nlent, and echnological 


Forecasting. With the exception of technolog:cal forecasting 
all of these forecasting applications have long been recoug- 
nized as useful to management. Technological forccasting, 

as a rormally recognized management tool, is relatively new. 
PeerECCOQni zea expert on technological forecasting, Raymond S. 
isenson states: 


Technological forecasting may he cdefinec in two 
ways. The first can be thought of as an attempt to 
Beta Ch ee teeimological eppliocstion, such as stati 
(ieee, Lie Unived Stages will fly the prototypes of 
the supersonic transport." The second attempts to 
forecast some potential, such as: “In the year 2000, 
physicists will have the knowlecge and techniques to 


ey Re re ee EE 


“Stewart Thompson, "What Planning Tnvolves," fo; ere 
Pee boOK OLMRGEOi ngs, Op. @ige., vo. 44. 
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Hames s thes Peeion bi hyraxrcgser.” Dn eat Oye 
Ties CE technological Torecadsting is ho »pr@y ip 4 
Goo shor meanmeement, an inoul to the plagnted pra 
Ofec) Cen Ome te Of GOVeTi Getta Gocmeion Waker.... 
parcdevetha the cuymenc level @r intwresat, actwities 


oa Clas Meee Ormor to 1960 rihwoalmo&t he dascougt@ 
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oy hi 


Cc 
Buk: ransom hanpensnge . Gince 1960, managewent aeterest 
ees ee Cot technological FOrecaRuing Nels grown at an 


Sighon sland cache. 
Question 5 was Gesigqneda to Cetermine the relative 


Paeent Oteloreqgastimg activiessaes, HO GOMpane the frequency 
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fet mehich forecasts ere Made, end to conipare the periods for 


which these forecasts are mace. The question reads as fol- 


Meee IMO1cate by Check-marks which of the following tyres 


em owe a ee 


Meee Oo CCasting activities your company engages in; also 


ome rw 


Miseose lidweete Yow often forecasts are made,and the length 


ee te 





Pemede (Omegastso. below, the question, a foxumat w 


ome eet ee ere Qeeweette nes ome 


me pro 
scribed with spaces for the respondents to indicate their 
enswers. ‘ithe conmpiete question reads as shown in Chaprier T. 
Table YVIT is a summary of the respondents’ answers 
concerning the types of forecasts which they make. The table 
shows the number and percentage of companies of each of the 


two groups, autumated and non-automated, which indicated that 
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=d areas. ime. Tesi cS 
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they forecast in each of the specifi 
Pe weve ctetisticel analysis of the gata contained in Table 


Vil are presented in fable VIII. Ali of the observed Chit 


Square values are greater than the critical valuc ot Chr 
wguare of 7.388 given for one cegree of freeuon at the .5 fer. 
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Rey eOUU woe tsenson, Technological Forecasting: A 


Banogem@tent Tool,” tbid.. p. 85. 
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Game {.005) lowe! of Bie Tacance. The obscrved valye® oF 
[oo Sowere, bagged con the survey TRBMCNSes, indicate that 
automation doss have an eifect on whether or not companies 


Preeetec 3h Lorecastamg ap cach of the specified areas. Also 


Mor each of the specifieu forccasting areas, the difference 
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Meee miiatrOn pPEOpOrtions is significant at tne 1 per cent 


(.01}; level. Estimates of the population proportions usinc 
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95 per cent confidence limits are also presented in Tah 


Pet For each of the forecasting areas. 
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Nee -ABVOR NITED GROUPS BY TYPE OF FORECAST 
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iaeealeos © bieeue@k AYE cemthogan thes mri zed Talks 
Pons oO. tHe COMparlifae *eBonse: to “hew cf R@n" foreveéts 


anger made. PoaeGoct trae tables @ornWairns time atta for owe of 


peepee Mca Loreeasting ereas "Sales," “PxOdauction,' 
Teeeot it, Gtc. WSiee ROU SA7eCs hein Ar oo went .cses arc the 


memecrs OF resMendents which iné¢gicatecd that they make force- 
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a os y res M4 : Soares = ey s bs ee +s 
Seats @F Me SpEecixri tyre For example, Tahle IX shovis a 
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@e@iearison of the frequency of forecasts between the 128 
automated companies and tne 97 non-automated companics which 
make sales forecasts. The percentages shown are hased on 
these group sizes and not on the totel groun sises of 131 
automated companies and 116 non-automated companies. An 
em@alysis Of the tables shows that for sales, production and 
meer LOrecasting (Tables IX, X and XT) the wvercentages for 
monthly and quarterly forecasts are higher in the automated 
group, and the percentages for semi--annual and annual fore- 
casts are lower in the automated group. Table XII indicates 
more frequent manpower forecasting by the non-autonated 
Group, Table XiTI shows no gher percentages of monthly and 
quarterly finencial forecasts for the automated group, 
roughly egual rercentages for semi~annual forecasts ano a 
Mover Dercentage for Snnual forecasts in the automatea grou. 
With regard to equivment, facility and technological fore- 


Pectrng, tables HIV, XV end XVI, respectively, reficct more 


Frequent forecasts by the automated grovp. ‘the soununcss 9° 
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a compariscn based on Tadle KVI is doubted because of the 
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meeeouyn XVl in@acntes th@te,with the exceptian 0° iv neoyve 


merecasts, the automated grours perform forecast’: more fre- 


Guenitiy than the non-sutomated curoups. 
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FACILITY OR PLANT FORECASTING: COMPARISON OF 
PREQUENCY OF FORECASTS BETWEEN AUTOMATED 
AND NON-AUTOMATED GROUPS 
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Comparisons of the time pexiods for which forecasts 
are made are vresented in Tables xVII through XXIV. As in 
Bie enilysis of forecast frequeacy, each table contains the 
Survey results for one cof the specified forecasting areas, 
ge the percontages given are based on the group sizes shown 
in parentheses wnich are the numbers of respondents indicat~- 
ing that they make forecasts of the specified type. Tables 
ho, XVIil and XIX shom that for sales, production and 
profit forecasting, respectively, there are generaily only 
small differences between the automated and non-autonated 
groups in the vercenteges of comnanies forecasting for 
various future time veriods, except for the five year perioo. 
The five yeer percentages in these three tables are considci~ 


aray highes for the automated group than for the non-automatece 





POU ieee 131 VRE BA SG MAT, COMBED eeTOWweL cad S ireac- 
Pim 2 OrCGas ling pakwiogs. che goemeevyiw@es cE noni autceetca 
COMm@e Cheare highe®™ for gcry short-run fonecasts of loss 
ren asmowth oOpsone@wiont:., These two tables also show cons 
siderably higher percentages of the automated grouy making 
mage ecar Coxeensts. In Tahle ¥xXIT on acnemment foreeastin 
the only sizeable difference is in the five Atte Na Oka el orc Raab 
category. The automated gioup percentage is Hache staan he 
for the non-automated grouo. The Magor Giiierences iin. facil- 
aty or plant forecast periods reflected in Table XYXIII are 
for the one ere and five year periods. The non-autonated 
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percentage 1s higher for one year forecasts and, again, the 
aurcomated percentage is higher for five yeer forecasts. A 
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Panies automate ure related to the desire for better Control’, 
In a study conducteu by the Stanford Rescarch INSti MG peeedoxr 
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ence managerial decisions to automate, the researchers found 
Management's major ebjective in SUuloCMe@EIrg £o boebecoes baametic-- 
tion. The researchers conclude, in part: 


Cost reduction at the time of automation appears to 
be . eae Objective when dacisions are inade to auto- 
mate. And it is primarily through the effec t of auto- 
mation on labor productivity that cost reduction is 
sought....Significant savings can also result from the 
Fact that automated operations tend to produce less 
scrap and fewer se el and damaged goods and to recuire 
less reworking, less in-process inventory, ang less 
plant space then alternative methods of a 


Control factors are also the most predominant ones in 
Secondary reasons for automating. The Stanford researcher 


ieee: state: 


--- All of the companies studied reperted that a 
e7pecced aniomeation to OMe DEOduct quality, accu- 
racy of work, and customer service. 


Another aspect of cost reduction is cost stabiliza- 
EAON . peste OT} increases the role of fixed relative 
te variable costs, thus decreasing the effect on total 
SOS tgs ft ic es in volume of production. 


~-. Automation mitigated problems connected with pil- 
fLerage » goods brea KASS p snortages of skilled workers, 
Volume vr lueccuations... 
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Cate their primWery and secondary reasons for autoiatings. 
There were 2,606 responses to this question. The results ak 
shown in Table XXVIIT which gives, for each snecified reson, 
the percentage of the total numher of respondents indicating 
that as their primary reason fox automating and the percent~ 
age Te aaa that as the secondary reason for automating. 
The reasons for automating related to control are asteriskec. 
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most prevaient reason for automating is to reduce costs. 
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Other 25 Pa: 
* z 
Cemerol Factor 
ecco. oe AULCOMaAtgOn Trends Survey end forecast; p. 8. 
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there appears to be a difference yith automated systems even 
though the difference may be inore of degree than of kind. 
Traditionally, the managers of the major activities in 3 com- 
pany, whether they be Head of the Sales Nepartment or Vice 


President for Manufacturing, have had a general understanding 
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of the activities of each other. But they have al 
more or less precise understanding of the boundaries between 
functional activities. In automated systems functional lines 


may oecome more blurreca because of a fCeuguirement Jor a nagh 


volume of information to flow repeatedly across functional 
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mation would flow smoothly between managers in sales, manu 
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facturing, engineerans, finance, etc. In the automated 


production system the plant becomes the "machine ene, 
collective management hecomes its control mechanism. One 


thing automation means™is integration of the physical plant. 


Pes counterpart is “integrated manacement” which implies an 
everall comeeiiy™polm® of wrew*ind Superror teanworkvre Tne 


Concept, nr course, does not anply only to the control 
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Under Sutomation less tire is @liowpd hoth to sense 
em uUnecceptable condition and then to correct it. Manage~ 
Peay, theretorc, nas to provide for a tugh faster reaction 
time to operating problems. Downtime of the automated pro- 
duction line, for examole; is more serious than is an inceper- 
Merve Wachine in a Conventional plant. The cost of downtim- 


in an automated process or line is very high. It therefore 


Memeonres CSscential to Minimize downtime for successtul eco- 


nomic perforinance of the svstem. This requires auvuick 
reaction when trouble occurs and, also, a carefully planned 


and executed preventive maintenance program. It mey he 
Gesixable, for example, to pre-schedule routine servicing, 
fool Changing, and similar mairtenance Functions at intervais 
when downtime is otherwise required. While the highest level 
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e: concern for an operative equipment in a conventional 


tu 


Plant might he a foreman, automated wroduction line Cayvntime 
nas to be the concern of top management. 
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A responsibility is placed on managanent, then, to visualize 
and anticipate such emergency situations and to develono and 
prescribe procedures for dealing with them. 
In addition to these pressures on physical process 
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Management itor some other reasons. For cxample, there is 
likely to be increased stress on management of automated sys- 
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sense end react to the need for change is likely to he 


Pmetecten. rn acceleration in the rate of feedback fron 
ano | POcwe TrOMUrora oC & O.amt Maybe xr eles 
“technologicai frontiers" to the piant may be required 


Diebold aprarently had this in mind when he expressed this 


View: 


The reaction time of management must shorten. The 
time for leeway in adapting to new technologies has 
disappeared. Compantes- must n@ep track of a nutbhex 
fundamental areas of scientific work and must react 
rapidly to aprlv this work when the time is right. 
They must consciously pian to be tre ones who onso- 
ee not only Vaelreowm wroouces, but their veary 
industries. 


fan 
— 
th 


Fe ey Ss On a ee el ee 


6 ’ . _ 
SOV eee, me VON Aotamat rent (Mtw Yori: MeGraw- 
meer pools Comban,, L9G+), p. 20. 








— ia © 





o. € 


Cr iaeke on aha Ceti tv te Fon! 


eo Sate Swe ee! seme ——= 6 ee ee - Coe o-oo amma ome 


Tt was pkreviohbsly mentione’ thaw 1a require for 


Menmolainge verac volumes of informe*ion gérerally ac®omoanics 


* a 


auremation. The voliwre of date is even greater because 


Cede etic ce 


insorMmation is ina sense "distilwed” data. It aiso apnea 


UI 


that there are certain characteristics of autonation which 
G@ecCrete More ra~ad avawlab@lwev of information. The greatly 


gncreased complexity of the production “machine" tends to 
confront management with a much more complex set of control 
Senor 1ons. This seemingly constitutes a threat to the 


human capacity of management to control. 


There appear to be at least two ways in which these 


effects are mitigated. The first is related to the continuous- 


flow principie of automation. When the production process is 
Seumeonied Crom batch wr intermabtent manual and mechanical 
Peeeuetion =O automatic continuous production, the require- 
ment for many day-to-day discrete decisions is negated. 
These tend to be middle-management type decisions such as 
Gecisions on scheduling, work allocation, stationing materi- 
ais, work methods, etc. 
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G@rtain dysfun¢tions related to revised pattexns of social 


interaction, closer worker supervision, increased feelings of 


tension, lose of control over the work pace, ana Feelings of 


insecurity engendered by a feeling of being divorced from 
tne work process. Faunce reports his fandings in part as 
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(ie @enmototiacn of the temns “authoritarian smarage- 
ment’ antl “participative managqement”™ anc the mancocrial 
Saples ass : with these two management philosoonics 
vee wed) Know, Owe Cannot categolicaliw classify any 
Menager as exclusively antnoritarian ow particitative 

in management style, Most managers vacillate on @ con- 
tineum of managerial styles, tne range Spreading between 
authoriterian Sm pPamelCipmei1ve nmagagerial patterns. At 
the same time the manageriai stvile(s) of a manager or 
Peeeeo Oe Managers Can be idertified as relatively 
oriented toward either the so-called authoritarian man- 
agement.or the particioative management pnilosophy ofr 
jmcory. 


Of the 495 managers to which the questionnaire was 
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sent, a totel of 207 managers completed the attitudes ques- 
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meena tro wim Part It and™@forwarded, usable data, a total 
response of 41.82 per cent. One-hundred-and-nine of these 
are manegers in automated firms, and 98 are managers in non~ 
eutomated firms. 

Managers responded to each item in Part II on a five- 
point scale as follows: SEU disagree; disagree; uncer- 
Peereacnee Mor strongly Gqree. For half of the items, a 
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Peeweeagerwas eeversed and a low sccre indicates a favorable 


Prvire Vhatak, "Managerial Attitudes in the United 
Peete coeoroeinata, ne Hoonoric and Pusciness Bulietin Phila 
deiphia: Bureau of Economic and Rusiness Research, Schocl of 
Pee nesa fGrre tetration, Tomole “niversity, Summer 1969), 

Tae ob 3 


ips » 





oe) CO Bo tiClpalive anaceilent concepts. Each 

[oak “Re OLNCr WerUS, maces BCOrciipesSO that a high score (toperc 
. anes “ON ° x *) = ue ad A here = ae NN =< Soy aia k -t_. - eae ~ 3 a+ os en rae + 4 

ee eee be J wetitudce conpSseistent with the authoritarian 

Maneremont style 20 eas aun SCC howard r\ drugdreaztac ar 

Li lc daalice = Eli ae - oan Cy Sy coc, (Al G CA” ise \y S$ Cem Ge LOWAE Q +i} JAN 2 0 alg 


Meratuae consistent with the partici;ative style of manage- 


ment. The possible xsange in total score is 32 points, from 


6 (extremely participative) to 40 (extremely authoritarian) 
with scores above 16 indicating an attinude in the authori- 


Pear Olrection ana scores below 16 indicating an attitude 
Miecie participative direction. 

MiewipeswitLS vous tieeeurvey indicate that both groups, 
2.@., Managers in automated and non-automated production 
environments, tend somewhat toward a preference for the 
autnoritarian style--but not greatly so. The mean total 
questionnaire scores are j.8.413 and 19.888 for the automated 
and non~automated groups respectively. Thus, tne automated 
group has a lower mean total score indicating a less authori- 
tarian tendency than the non-automated group. To determine 
whether or not the difference in mean total scores for the 


two Qroups is significant, an analysis of variance was con- 


PeteC Onmene data, Bhe analysas shows that the difference 
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in-the mean total guestionnaire sccres is significant at the 
1 per cent (.61) level. A summary of the anaiysis of vari- 


ance is presented in Table ZXXVII. 
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The analysis of managerial attitudes also included a 


comparison of the automated and non-automated groups com- 


Pmeecd with certain biographical, factors, the data for which 
Were obtained in Part I of the questionnaire to managers. 


The factors considered were: (1) age; (2) managerial level; 
(3) number of years in present position; (4) number of year 
with the firm; (5) number of years of managerial experience; 
(6) level of edGvucationjwand (7) major field of study. The 
respondents in each or the two croups were further classified 
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To conclude this section on managerial style, an 
excerpt from the Annual Report of one company in the auto- 
Mated group provides a good example of the participatory 
approach: 


PON eo ees tl ee "COMtro. POom, depart— 

sntal foremen meet with the production Supervisor ee 
review performance and make neces Sary adjyuscments to 
correct schedules...Deficiencies in the performance 
of any department, which affect other departments, a 
zroned out in preparation for the dav's production. 
These Action Meetings. conducted within the ranks 
SUDEYVISOry personnel without Wanegement interfere 
have proved most eifective in raising the stanca ard 
of production efficiency. Foremen vecognize the 
dependence of each department. on others, and taxe 
pride in the problen-solving responsibility. 
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Managoyent Percootion ch Pmployee Metivation 

tae par pose Of aw JIL of the questicnmnaise to indi— 
Vidual wanagers was to déetermime what iwotivat: onal factors 
management believes sconbritute mostepesitivediy to job satis- 
FACTION among empoyees and to compare the automated and 
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mon-automatea yrouss in this respect. Frederick Melrzhberd, 
who has devoted many years to the study of motivation, con-~ 
tends thet management oitten emphasizes the wrong factors. 
These factors he refers to as “hygiene” factors, which, if 
absent, can make a worker unhappy but, according to Herzberca, 


their presence does not make workers w 
Based on his studies Herzberg states: 
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Two diffezent needs of man are 
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Nexrzbeva@is Sonelwseicnsware based primarily on his 


Pelore Ot epser io as employees or workers. The objective in 
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this study was to determine to what extent managenent's view 
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factors listea were Herzhberg's thirteen "motivator" and 
‘ayigaene" Lactems. 

There were 208 usable responses to Part III--113 of 
these from managers in automated firms and 95 from managers 
in non-autcmated firms. The results for the tota® sample 
axe presented’ in Table ¥XKV1IL which shows how the specified 
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Eaters ALeelamecad by the total group of 208 managers. it 


is seen from Table XAXVITII that management considers salary 


0) 


WoO See 


G 


(@meee the Hacer sgaach Ccontixributes most posrtively t 


4 


jeD Seti See ati “has belief on the pare’ of manaement is 
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PieCarect GGugiict with Bersbera's Landings as to what fac- 
—mowanemachua lin bhemprimary @ousee@é satisfection and whet 
Bactors are Ehe primary cause of dissatisfaction on the job, 
Peolatiyweye cone of Merzgberg's “hyomwene” factowe, was; found in 
More instances than not to contr 
“ather than to job satisfaction. 
thet management places three “hygiene 
[™eecivatey factors inethe top. five. The three middle ranked 
weet@ias are ~~ mOheyator” factors. The “motivator” factor 
Presponsibilimy” as rankedstenth in wthe list of thirteen, and 
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the three lowest ranked factors are "hygiene" : 
In Table XXKIX the survey results.are shown ,broken 
down between the automated and non-automated groups. As in 
(Mee result ror the total sample both groups rank, "salary" 
Peecsieasecoutrrbuting mostepositively to job satisfaction. 
Four of the five highest ranked factors are the same for both 
groups, The automated group includes in the top five, "ad- 
Vancement,”" whach is ranked sixth by the non-automated group. 
Also, the non-automated group includes in the top five, 
Myorcking conditions,“ which is ranked sixth by the automated 
grour. Both groups rank "the work itself" seventh and " 
PMachievement" eighth. The five lowest ranked factors are tne 
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Sane [Ome bot megroups although they are not in the same order. 


ieee wives Lowuhe similarity between the two groups 
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we omesegard Uemehe order in whieh whey rank the various 
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(er wees OMe oer CNCe IN peLewiages .¢ “porking cconaitions,” 
Gikac’) wae incilused in the top five factors hy 33.63 ner cent 
Or managers in the automated group and by 54.74 ver cent of 
9oOse ih tne non-automated grour. The difference in these 
two orcportions is significant at the 1 oer cent (.01) level. 
Tne differences for the factors "company policy and adnminis- 


Us 


aoe, OoDOr tunity Lor personal growth, and “salary” are 
Meemrtsc Significant at the 10 per cent (.10) level. 

The automated group includes three "motivator" factors 
(recognition for achievement," “opportunity for personal 
geowth,” and “advancenent”) in the top five. The non- 

Meee cea soup includes only two "motavator"™ factors 
("recognition for achievement" and “opportunity for personal 
growth") in the top five, although the sixth ked falsrom. 
Siewomecment, 1S a “motivator” factor. The factors “the 
work itselr" and "achievement" ranked seventh and eighth, 
Peeeiimocly, by both groups ace ‘motavatorn” factors, Four 
of the five factors ranked levest by both greups are "hygiene" 
MECLCES=-1he exception being the “motivator” factor “respon- 
Sogo by 2" 

Thus, the two groups of managers are much more similar 
Pome tostiimrrieerin tietk teliefs about what factors are more 


Peer Man is pe Omer ing {Ob Sateuseliaction. Their beliefs, hnow- 


ever, are not consistent with research tindings as to what. 
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CHAPTER VIL 
SUMMARY AND CONCLUSTO! 
5 Umm ary 


potnesis 


Pemeas Stacec in Chapter IT that the bread hy 


meeculyimg this study is that the introduction of 


> 


automat ec 


focnection systems will affect the responsibilities, rol 


ty) 
\n 


and activities of manegement. The purpose or the study has 
meen the :nvestigqation of certain effects of production auto- 


mation on the process of management in terms of the mnana- 


Mees! Toneticns Of planning, controlling, organizing, 
SealLing and directing, 


The study was introduced by a review of the relevant 
Jiterature. It was seen that there has not been a standard~ 
ized, uniformly accepted definition of automation. The 


s a 


literature does reveal, however, that there is ae agreement 
thas the concepts GmCONeIMUOUS £1OW and Cigsed-loop auto- 
matic control are essential to the full automation of manv- 
facturing and otocessing systems. 

Besed on the literature, the history of automation 
Veeco Ccomemeor Lites standpoints: (lig waielpVemes i LR metels ols rele) eles 
toett Cevices- {27) the evolution of continuous Flow of assem- 


Pee otek eis er Operations; and (3) the evolution of data 


reese ae x ee, pes a s = E ~ ae ~ b. . + o™ s aay ie 7 a 4. 1 oe fe. 
Pe OCes= te ieGration., It was S@en that in some resnects Lh 





ois iS ea beiieimeOle can be traced to am@ment oricins. 


hth} 


vi} 


ee 


eee New niNG tices lace -O1-the-art of autoration 
Mevever, lease ved iat while there may be basically 

nothing new about automation in so far as concepts are con- 
Serncd 
control and handling more feasible and the extensiveness of 


the applications of automation are new. This section also 


? 


, the modern equipment and devices which make automatic 


included an explanation of the distinction between automation 


in process industries and the automation of discreet produc- 
tion. The section concluded with a presentation of examples 
emewrretvc automation applications and installations. 

The final section in the review of the literature 
chapter traced the development of professional management in 
relation to technological evolution. 

Tne four chapters following the review of the litera~- 
ture constitute the report of the primary research effort 
and addressed themselves to the effects of production auto- 
fem on Oeenre Managerial functions of planning, controlling, 
GSiseciat Zing Aayg@estasting, and Grrecting. Each chapter con- 
tained an overview of effects based on the literature and 
previous studies and a report of the survey results pertain- 
ing to the managerial function being investigated. 


In the chapter dealing with the effects of automation 


en the planning function it was first suggested that planning 


is the managerial function most affected by automation. ‘The 


following section included treatment of: 





‘eee 


Pte nereasean criticality offplanning resultina 
from automating production 


2. The effect of automation on the managerial 
planning horizon 


3. The effect of integrated prodiiction on 
manadement philosophy 
4, The increased importance of business fore- 


casting under automated production 
5. ‘The effects of automated production on the 
decision environment 


The succeeding section reported the survey results pertaining 
to planning. The sub--functions, elements or aspects of plan- 
ning to which the survey addressed itself were: 


ie 2talysis and Comparison of Ehe automated and 
non-automated groups with regard to the exist- 
ence of written corporate plans 


Z. Analysis and comparison in terms of the length 

6f future planning periods 

3. Analysis and comparison with regard to the 
existence of written statements of objectives 
and goals 


4, Analysis and comparison of business forecasting 
practices 


5. Analysis and comparison in terms cf planning and 
decision-making technigues employed 


The final section of this chapter dealt with indicators o 


rh 


the impact of preduction automation on managerial. planning. 

The second of ane Pour DiGeicinyecesearch chapters was 
eoncerpeumy Pei iC CLoneceto™OT arromatronr™ on’ tne control func- 
€i0n. Sne Wirst sectiow or this chapter ciscussed and estan- 
lished that the most prevalent reasons for automating 


Proouction are Based on control factors--the singtoemost 





important 
following 


lies 


J 


Chae a 
LS « | ots 


reason ‘being the desire to reduce cos 
section included discussions of: 
TWEE Cedration of control 


The requirement for Githinished response times 
in the automated production environment 


Thewetfieects»of production automation on the 
Caicos LY come on elo. 


The remaindcger cf the chapter was devoted to reporting the 


Suuvey resul@ pertaining to the control function. The ele- 


ments of control to which the survey addressed itself were: 


as 


Analysis and comparison of the automated and 
non-automated groups in terms of the criteria 
used for measuring organizational performance 


Analysis and comparison of the types of manage- 
ment information systems instalied in the auto- 
mated and non-automated companies 


The next research chavter was concerned with the 


effects of automation on the organizing and staffing func- 


tions. The first section explained the close relationship 


between the organizing and staffing functions. The follow-- 


ing section treated: 


Ae 


ui 


The effects of automation on management 
Seruc tuime 


The increase in the number and importance 
of technical and other special support groups 
accompanying automation 


The redefinition of management crecentials as 
production becomesemoere automated 


Bffects of automation on management of the 
work force 


> 


Defects of automation on wage administration 


cy 





le /* 
Mine remaiindcr of the chapter was devoted to reporting the 
Survey Geeults pertammang to tha organizings and staffing 
Pemetions. The eclom@énts *o which this part of the survey 


moor ecsscea 1Self were: 


1. Wage plan patterns in the automated end 
Men-automavsea groups 


2. Production work force skill requirements 


3. Analysis and comparison of management profiles 
for the automated and non-automatead groups 


The final research chapter was concerned with the 
effects of automation on the directing function. The first 
section discussed the unigue nature of the directing function 
in that it is preeminentiy that part of the management pro- 
cess which involves interpersonal relationships. Tne suc~ 
ceeding section treated: 


1. The effects of automation on leadership 
style 


Pe Theewehiecthe of eutematvaen=on worker 
motivation 


Behe et ECcts Of aeitOmaeton on Ccomnunication 
processes 


The remainder of the chapter was devoted’to reporting the 


ae ewe Sul pempertadningeto theedirectimg function. This 


bh 


part of the survey addressed itself to: 


1. Analysis and comparison of managerial leadership 
styles in the automated and non-automated groups 


2. Analysis of management perception of ennmwloyce 
mMetivVatiOn am@ a compariscn of the automated and 
non-automated groups in this respect 
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The findines and conclusions presented here #he based 
on "he survey results which were reported in the four researc: 
chapters. Most of the conclusions rest on statisticai com- 
parisons of the automated and non-automated groups of com- 
panies. 

Questions 3a, 3b; 4a, 4b, 5 and 6 of the questionnaire 
to companies were designed to determine the effects of auto- 
Meievor Gm Certain aspects of managerial planning. First, 


based on the response to Question 3a, a comparison of the 


‘e: 
ae 
wy 


automated and non-automated groups was made in terms of 
meat Ve Criticality of advance planning as rerlected py the 
existence ef wiitten corporate plans. Statistical aunaivsis 
Smene Gata Showed that a Significantly higher proportion of 
the automated companies have written plans. The conclusion 
drawn from this is that the management of automated companies 
B@eepee pci tence a More Critical meed for formalized advance 
planning. It was also found, however, in response to Ques- 
tion 3b, that considering companies which do have rormalizec 
eee eee, eere are not significant cifferences 
between the automated and non-automated groups with regard 
POmeieomoneuniOl multi-year and long-range planning. 


The 


Os 


ata obtained in response to Question 4a were 


ree 


analyzed stati¢tically to determine if there were significant 


differences between the two groups in terms of the existence 


f + 
a 


OG Written statements of objectives and coals. From this 





173 
analysis it may be concluded that the management of automated 


Seenpemmes attach aegreabes wapostonge to advance planning as 


Meclected by the significantiy higher proportion of automated 


Let 


companies having written statements of objectives and goals. 
The purpose of Question 5 was to obtain information 
enabling a comparison of the automated and non-eutomated 
oroups with regard to: (1) the extent of business forecast- 
ang activities; (2) the frequency with which forecasts are 
made; and (3) the length of periods for whicn forecasts are 
made. The forecast types considered were sales forecasts, 
proaguction forecasts, profit forecasts, manpower forecasts, 
financial requirements, equipment requirements, facility or 
Peent sequrrements, and technological forecasts. Statistical 
nalysis showed that a significantly higher proportion of 
automated companies make forecasts in each of the eight 
specified areas. It is therefore concluded that automation 
Geecgave angetfiect on whether, om not companies, engagesain 
forecasting. The analysis in terms of the frequency with 
which forecasts are made indicated that, with the exception 
Of ~mManeower forecasts, the automated companies perform fore- 
casts more frequently than the non-automated firms. Fuxther- 
more, based on an analysis of the length of periods for which 
the various types cf forecasts are made it may be concluded 


that the automated group tends to forecast further into the 


future than does the non-automated group. 





Lise 
the response to Question 6 whowed that very few com- 

Poaavesc me ecither tha automated or nen-auliweted grcouns make 
use of certain of the quantitative planning and decision-~ 
making technigues specified. Based on a non-stetistical 
comporison, however, it is reasonable to ccnclude that more 
of the automated companies employ advanced planning and 
decision-making techniques. 

Question 7 of the questionnaire to companies was 
desidqned to @determine if there are differences between the 
automated and non-automated groups in the importance assigned 
by management to certain measures of organizationai perform- 
ance. It was found that the two groups were much more simi- 
Poewerewd Nesimivierein “whe order of smportenec wmewhich they 
ranked the specified performance measures, It is therefore 
concluded that automation has only minor effects on the 
relative importance assigned by management to the various 
ewes fer Measucing and evalueatang organi zatzonaleper- 
Pemwa nee, 

met hnes indveataion ofwbheseifect of auitomatawonwon 
Waagem@emesanm terms of the control function is the relative 
Sonevowreyworewenec Nenmagement mitormatronesystems The purposc 
of Question © was to provide fen a COmMparisonmot thesauto- 
Iated and non-automated groups is this respect. Based on 
Beawes pecalwomalysmemoiethe results it is possible to con- 
clude that the proportion of automated companies having 


computer-based management information systems is significantly 
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Daetacy tae the proportion of nol-autorrated companics having 


: 


Questions Y and 10 of tho questionnaire to companics 
and tthreewot tha questions in Part TZ of the questionnaire to 
individual managers were designed to evaluate the effects of 
automation on certainwaspects of the organizing and staffang 
functions. Based on statistical analysis of the response to 
Question 9 the conclusion is that at present there are not 
significant discernible differences in the pattern of wage 
plans in use for production workers in automated versus non- 
amtomated firms. 

The response to Question 10 indicated that the per- 
centage of skilled and semi-skilled production workers is 
considerably higher for the automated group than for the 
non-automated group. The analysis was based, however, on 


two small sub-groups. Consequentiy, the evidence is con- 


rh 


sidered insufficient to draw a generai conclusion regarding 


tne effect of automation on skili requirements. 


Part I of the questicnnaire to individual managers 
was Gesigned, in part, to obtain data enabling a comparison 
of the manacerient profile in the automated production envi- 
Serer ich Ve management prorijde inthe non-automated 


PHommction Gnviconment. "Whe “actors considered in the com- 


parisen were age, number of years of 


g) managerial experience 
and level of education. From tne profile analysis it is 


concluded that. the managers in the aulomated group of firms 





L/G 
are sligntly younger, that they have siightliy fewer yrers of 
Manaceeral experience, and that a£ a group they are signifi- 
Gantly more caucated. 

The questionnaire to individual managers was designes 
peerid. Diy £Or the purpose oOo. investigating certain exfects of 


@eeonettor On =he directing function. Specifically, the pur- 
pose of Part II was to determine the relative orientation of 
the two groups of managers toward authoritarian or vartici-~ 
pative leadership styles and to provide for a comparison of 
the two groups in this respect. The survey resuits indicated 
Theat both groups, 1.¢€., Managers in automated and non- 
automated production environments, tend somewhat toward a 
preference for the authoritarian style. The automated groun, 
however, exhibited a less authoritarian tendency than the 
fen-auroma bed group "Statistical analysis of the data showed 
aoe non-automated group to be significantiy more author 
tarian iWmanagerial attitude. 

The purpose of Part III was to determine what moti- 
vational factors management believes contribute most posi-~ 


tively te job satisfaction among employees and to 
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BEeweueomaLea and NOn-autcmated groups in this respect. Con- 
Srccr ing Qe response pete the total sample of managers it 
was seen that management's beliefs are not consistent wath 


previous research findings as to what factors are actually 


the primary cause of worker satisfaction and which cnes are 
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more “hygiene” cr "maintenance" factcrs thar "Motivator" 
factors in the five most amportant. In comparing the re- 
Sronses of the automated and non-automatce groups it was 
found that the two groups were quite similar with regard to 
the order in whicn they ranked the specified factors. One 
conclusion drawn from these resuvits is that there are only 


minor differences between the two groups in their beliefs 


about what factors are more important in promoting job sat- 


=. 


ferric t 


lide 


on. itt is further concluded that management may he 
emphasizing factors which de not necessarily motivate empoloy- 


ees ana contribute to job satisfaction. 


Meeas for Purtier Research 


See aie Sw ee ee | ae ee 


There are two specific suggested areas for further 
Peesecarcn, f~oth of them arising from limitations of this 
study. First, because cf the differences between various 
automated production processes, the effects of automation on 
management may vary from industry to industry. Therefore, 
an important area for further research would he the study of 
effects or production automation on management within given 
MeeGothiesw. Secondly, tnis study does not account for the 
possibis effects of company size on management for the func~ 
tions, sub-functions and elements investigated, There re- 


mains a necd to separate and measure the effects of size. 


This teo is suggested as an area for further research. 
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Letterhead: The University of Georgia 
College of Business Administration 
Athens, Georgia 306 
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Yepeary 22. 1970 


Bear Sir: 


Tama candidate for the Ph.D. degree in Business Administra~ 
tion at the University of Georgia. 


Your help is requested in an intensive study of “Management 
and Technology." it wili take a few minutes of your time, 
foe Liege minutes collectively will pmevide the data for the 
ae: Lapemiant: part of my @eetomed dissertation. The prinary 
@ejective OL the Study ys to contribute to a better under- 
Miccmoam@e Of thas inesmeasanghy portent topic. 


Your answers to the enclosed questions will be kept in confi- 
dence and wili appear only in unidentified or statistical 
summary form with those of other companies, No one but me 
will see your returned questionnaire. 

Meme li be helprul to me if you do provide your company name 
L@ @Westwen ¢) for reasons of product classification; however, 
if you prefer not to indicate company name, please leave it 
blank and complcie the remainder of tne questionnaire. 


Please use the enclosed envelcpe to return the questionnaire 
Girectly to me. 


PAenioyougerevoucr help. 


John E. Wildinan 





ile 4) 


APPENDIX B 


Letterhead: The University of Georgia 
College of Business Administration 
Athens, Georgia 30601 


wamiiabty 22>. 197 (0 


~ 


Dear Sir: 


tema candidate for the Ph.D. degree in Pusiness Administra- 
Mier atl the University of Georgia. 


Your help is requested in an intensive study of "Management 
and Technology," It will take a few minutes of your time, 
but these minutes collectively will provide the data for the 
eo. Goose. ame part of my doctorcai Gissertation. The primary 
Seyeective Of the study is to contriptute to a better under- 
promernag cr this inecueasingly iaportant, topic. 


Your answers to the enclosed questions will be kept in con- 
fidence and will appear only in statistical summary form with 
those of other managers. No reterence to an individual man- 
ager or an individual company will be made. No one but me 
will see your returned questionnaire. 

Lt will be helpful to me if you do provide the name of your 
company in question #1 for reasons of product classification. 
However, if you prefer not to indicate company name, please 
leave it blank and complete the remainder of the question~ 
naire. 


Please use the enclosed envelope te return the questionnaire 
Siecetry tO ire, 


Pie yoOu.for your helt. 


Sincerely, 


Sohn BE. Wildman 
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Pee MPP oe CORPORATE OBJECTIVES 


FROM Tue AUTOMATED GROUP 


Company A 


perm te eo 


Us 


OVERALL OBJECTIVES 


To develop earnings per share that can be sustained over 
the long range and can be increased progressively without 
erratic swings during various cyclical periods. 

a. To develop a reasonable and constructive market 

evemUatiorm OL OUr Siock.. 

To be strony enough and competent enovugh in each of our 
chosen fields of business that we are not at a conoeti- 
tive disadvantage in the market place. 


To provide a business atmosphere within which each 


(ay 


employee can maximize his or her individuals potential 
for growth and advancement. 

To aceept the responsibility and to exercise the oppor- 
LOLLY (eeu COnSeL UCL Vemoree 1n the nation and in 


our communities in the development of an improved social 


atric ure 


Comoany 


a Pe Te. ee pees Saye > 4 


Camels OLILCTIVIS 


LL. (Company B) will conduct its business in a manner which 


Om LOS aepieeor il tye, @eie lity relia- 


Gs 


upholds its repute 
bility, and special capabilities; maxinizes the value of 
the stocknoliders' investment; provides opportunities for 
all its employees to grow, perform, and achieve financial 
security. 

7 i Gombeny ea) ewalisolan and sechiieve a continued profit 
growth as measured by return on investment and earnings 
per share. 

SeeelMooatwes) will carry.on appropriately balanced, diversi- 


$ieiy SoLrowiNG,. ena profitaple businesses in... 


Ht. 


4. (Company B) will comply with applicable laws and regula- 
Pons .tirbemegual emp lovmepes oppomtunity Laeld. it 
will not discriminate against any employee or applicant 
for employment because of race, religion, color, national 
Origin, age or sex. 


5. (Company B) will be a market-oriented company: 


her 


(a) ascertaining and anticipating the needs o 


t can serve; 


pte 


oresent and future markets 
(Se seqguaringererketeposstiens, including consumer 

markets, where feasibic and desirable in prefer- 

ence to selling raw or semi-finished matericis 


Or sees Lee commodities: 





(ad) 


achi@Paneg product and s@fVvice "pre-eminence in 
chosem inarkets,; 

becoming completely deployed toward markets 
Beastie rgeer soc lOn, Capital investment, product 
development on response to market dynamics; 
withdrawing from markets showing continued 


lnCoOrreecie Le Mew relLurrmon ifVesricr® 


GG (Company B) will achieve highly efficient manufacturing 


Caomeoriicy in its major product lines; will keep its 


mae LETeCSs 


in superior operating condition; will maintain 


operating areas suitable environmental quality, 


and will meet, and when possible exceed, in both letter 


and Spa 


irit, all environmental standards 


7. (Company B) will achieve growth in the following ways: 


(a) 


(1b) 


ior 


(qd) 


By continual increase (including geographical 
axpansion) in percentage share of those present 
markets and products which have the greatest 
Pe@rlL amd grewth potential; 

By entry into retated new markets and products, 
based upon exploitation cf present market posi- 
tion, manufacturing capabilities, and existing 
or newly developed EGeAnNO LOGy ; 

My Licensing, export sales, and limited equity 
investments abroac; 

Pyedecairott31On Of buGanesses conforming to ocher 
@bsectives of this plan, meeting the follow1ag 


Gril waria: 





7. 


- engaged in manufacture of nee Sent 


proaucts, or related new narkets and 
products: 

strengthen (Company B's) market, manage- 
ment, manufacturing, raw material Or tech- 
NuGal. pesdicetian ; 


mai Cayenne 1 advantage to (Company B). 


Omori gl ye fC 


Pry 
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Seer OF OBJECTIVES 
TO Makeuwasprolitosbyssecvane primarily the { } 


industrics, through engineering, manufacture, and market- 
[io ngiaAGNe | ite ceducts . 

TO Maingaany a sound financial position to provide for 
Growth, diversification, and research as well as to 
Unetige GeComeuLeo Stability, security, and opportunity for 
our steckholders and emplicyeces. ‘To share profits with 
employees as an incentive for improved performance, whiie 
paying oux stockholders a good return on their investi- 
MehHt wOmeemecnisiezesa share of the profits through the 
(Company C) Foundation for educational, religious, and 
charitable purposes for use primarily in ovr plant con- 
munities, but also throughout the United States. 

To administer the resources and facilities of the Company 
effectively and harmoniously by: 


Co ee ewitainamoe a sound Organization structure through 


fa 


which management can most effectively direct and con- 


trol the enterprise; 

a eheva ane the motivation and Qe, Font ty to ciployes. 
(Ome elope tert eShillG and abijities to perforn 
their present jobs better and to hecome prepared for 


advancement to better jobs; 





LS6 
Sstamulating the initiative of employees to suggest, 
pian, develop, anda promote improevcisents in methods, 
systens, procedures, products, and facilities, to 
keep informed of the best industrial practices, and 
tO inswre that outimoced procedures and uneconomical. 
methods are abolished; 

Condua@@amg “elie @ay-to-day business of the Company on 
an effacient and effective hasis that will provide 
both short@ewange and lome-range profitable overations; 
Aeon Somme personne policies and practices so 
that employees are treated fairly and justly in 
accordance Wakenmour respecesfior the dignity of indi- 


Widuels am comenate they aig) im and axe consistent 


qa 


with attainment of our commercial and financial objec- 


Keeping employees, stockholders, customers, suppliers, 
and eur jpubliic continuously informed of our objec- 


tives, plans, and accomplishments. 





See CTivi ss 


OBGECTIVE - 


woeoC clive - 


CEI EC TIV Be 
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Ceo ge OCObSECTIVES 


'> lao the -outretandine~( ) orchiyezation 


my the wor lee 
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To discover new solutic 
problems sand to use this knowledge to develop 
new products. 


Wess 
ng 


Vo ™m@eke 2 @prOimet surticiemt to cneatesxand 
Piet OumsaG CuO OuGamgesto lo teOmSsuDpOrt. ovr samowth. 
To aqmeract, developge and retain highly compe- 
tent, enthusiastiv people who make it possible 
femacala~zestne Obhem chpjectaves. 

To participate as a corporation and to encouradce 
DMgeaCipatien byewadiwicwals win the late, of our 
communities, with the intent to assume our fair 


share of Civic xesponsibalities. 





LN ow a oo a an 74 
CGiipany -L 


(COMPANY F'S) CORPORATE PURPOSE 


(Company E) will meet with integrity its responsibili- 
ties to shareholders, customers, emplovees, suppliers, 
government and society, 

(Company ) intends to rank among the highest 20 per 


es in terms of earnings growth 


te 


Cent of comparable U.S. compan 
and return on shareholders equity, thereby enhancing the 
value of ats stock. In sales volume, (Company E's) ohjective 
is to be one cf the top 500 manufacturing companies in the 
OWS. 

The company intends to continue and expand its diversi- 
fied basis of operations within its areas of competence. 
Entry will be made into selected new markets and products. 


(Company E) will continue to develop its international oper- 


0) 


ations in areas of opportunity. It will discontinue opera- 
tions that do not produce satisfactory long-term returns on 
committed resources, 

(Company E) will manage its affairs with excellence. 
it will cevelioo and employ strategic planning as a framework 
for. achieving its objectives. Plans wili include courses of 
action tc be taken and timetables for accomplishment. 

(Company 6) intends to broaden the market for its New 
Wee OCC hance  lisctea stock and to retain its present 


independent identity. 





Company Te 


Be lg.” Shy 9+ meas 


(COPAY FP). CORPORATE CGMUECTIVES 


(Company F's) objectives are designed ta generate 
enthusiasm, involvement, productivity, and increased profits 
Mercugnout the entire corporaticn. The (Company F) Corporate 
Objectives are: 

(a) To build an integrated technology company; 

(b) To increase earnings per share at a minimum rate 

Soe eS ee cinuodel vs 


ncrease internal sales growth, exclusive of 


fe 


(c) To 
AeGetero eons fees a Minwnum rate of 10% annually; 


terror Nelnitain an ai@er-tex return on new investmen 


Ge Toss 
ic) To insure the total involvement and motivaticn of 


key personnel. 

Bach of these corporate objectives 1s important in its 
own right, yet each complements the other 

em \oompany |) with continue to build an itntegrated 
technology company. Our commitment in expanding the inte- 
Bratca = cennology concept Will permit the corvoration not 
only to scrve a growing and expanding series of interrelateac 
Hetero sentir wit! algo generate capital to enable us to 
expand research and development activities, to invest in new 


= 


ventures, and introduce new products 


Wes beliave a cowbinamion of canahic, haghly motivarad 
people coupled with in-depth planning and review at all 
management levels will assure us of reaching our earnings pex 
Share objectives. 

ieee Company FF) proyects an internal sales growth, 
exciusive of accuisitions, at a minimum rate of 10 per cent 
per year. (Company F) is constantly revieyving its sales 
efforts, developing and looking for new products and markets 
and making a determined effort to renlace low gross profit 
products with higher gross profit items. 

Pemeuh, (Company F) plans for van after-tax return on 
investment of 15% as a Minimum for new capital ventures. 
Constant appraisal of present markets, margins and product 
Obsolescence and an awareness of new products and new markets 
determine where (Company F) invests to maximize future earn- 
NGS 

Paige, and MOSt ANportant, 16 the active participa- 
tion in the corporation by all supervisory people and employees 
in establishing corporate and individual goais. Measurable 
budgets, standards and objectives have been established for 
all members of (Company F), and individual performance is 


evaluated to determine accomplishment and rewara. 
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Company G 


GENGPAL CORPORATE OBJECTIVES 


A. TO contribute toward a better life for our employees and 
the families. 

B, Provide maximum security and a fair return for all who 
have invested in our company either directly or indirectly. 

See. O eC a Good citizen amd of service to our comnunity, 
state and nation, 

D. To provide our customers with increasingly better quality 
products and better service at competitive price and 


always treat them fairly. 
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Company TH 


TO Menage our busatces with the primavy cbhjective of 


oe ee a ee ee ee a ee 


Wein eo sa COntribusion to socwety. Business can be one 


—— 





of the most effective vehicles through which man serves 
society. Thus, anv service we perform should be oriented 
toward the pubiic welfare, and any product we manufacture 
should be designed to be the best possible product in its 
pDElGarmelass. 

fo recognize the dignity and personal worth of every 
meee LE eemotoyees Should have the opportunity to 
Sewn ene COmMpany Ss success, for each of them helos to 
make it possible. Every individual deserves job security 


aes = 


Pn hts performance on the job and the 


WE 


in acce@wa@nce wi 
personai satisfaction of being commended for a job well 
done, The objective is not simply to make the organiza-~ 
tion more efficient--although that will certainly be one 
result--but to emphasize beyond any possible doubt that 
human labor is not a commodity to be bought and sold in 
the marketplace. 

Hemeeeogui ze GUL besponsibility to society in general. 

We are all indebted to those who develoced and to tnose 
who preserve our system of government and for the freedom 
OmGcete OM Our business; Lo our schools and universities 
for pushing forward the frontiers of knowledge; and to 


our religious organizations for their moral training. 
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1 eis 
roe Weite 1 VGC weno shoe i Cui ons fi Wy eoc 1 ety ee 1 
ewe ome ROLL LieSe 1S tuLsons Of Our SOocLetyervith 
all the cnergy and streneth at our command if we wish to 
preserve our freedom and individual liberty. 


DORs OPeana encourage a better understanding of the 





eee oO Ome PeOnit a5 tne menetary measure of the 
Gontribution of the business to society. It is the 
difference between the value of goods and services we 


give to society anda the remuneration obtained for them. 


it is cux insurance that the business will continue to 
Sey aro gmneysreh, meeting all of its obligations to 
customers, employees and the general public. It provides 
the stockholders with a fair return and encourages fur- 
ENC Gai ty @etiecat = Pretitye in shert»~eks not the proper 
enadvot Piem@iGee ewieens Merely the weans that makes the 


achievement of the proper ends possible. 





APPENDIX D 


Pe oa Oe On P ORT  OBILCTIVES 


Cee ie NON] UrOM are GROUP 
Company al, 
Deen) OF OBJECTIVES 


Weemoany a Obgeerives Related to Shareholders 


A at EP Se ae ay SE 
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onto ewiklssteave to carefully plan, organize, 


Q 


oordinate, and control its available resources of time, 
Space, material, money and people to insure their most pro- 
Guctive and effective use. 

(Company I) will strive tc create and keep satisfied 
CUSEGNSIsS. 
(Company I) will strive to expand the use of its pro- 


ducts domestically and internationaliv into every industry 
where needs for them exist or can be created. 

(Company 1) will strive to constantly evaluate the 
strengths and weaknesses of every facet of its organization, 
Giving particular attention to the qualifications, growth, 
and development of pecple. 


(Company I) will strive to promote the confidence ane 


Bespece Gf ClScOmers, lip loyees, suopliers, shareholders, 





— 
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amd the @eneral puolic by exercising the highest standards 
Co eee, Seon y pancdocthdcaa.condact. 
(Company 1) will strive to produce profit results and 


increase equity ownership values corsistent with company 


y) 


objectives and competitive forces at work in our economy. 


rc. 


ucompeny 1) Objectives Related to Employees 

(Company I) will strive to recognize the personai 
goals of each individual in the company eee means toc 
harmonize them with company objectives. 

(Company I} will strive to develop a climate for indi- 
vidual achievement compatibie with company objectives by 
PreeUbagana Crecativity, anitiative, individuality, judgment, 
ene@e individual development and growth. 

(Company 1) will strive to base emplovment and treat- 
ment of employees upon individual qualifications with due 
consideration for length cf service. Qualification means 
ability, actual and potential, and has no reference to 
qeMmgton, bivcholace, sex, race or culor. 

(Company I) will strive to provide opportunities for 
advancement, full use of abilities and skills, and recegni- 
tion anc reward for satisfactory or outstanding performance. 

(Company IT) will strive to encourage teamvork, develop 


employee security and give all employees a sense of belong-~ 





{Company 1) Objectives Related to customers 

(Company I} will strive to use its resources etfee: 
ive CoO Pscvidce customers with high quality, dependablo 
products used to ( ) anc develop or acquire 
Genrer products ot enterprises *whieh will enhance the service 
of the company to its customers. 

(Company J) will strive to provide delivery of products 
oromptly according to customer requirements. 

(Company I) will strive to adequately and promptly 
provide customer requirements for maintenance, repair and 
bechivcalwocyice related to its products and their applica- 
raeOn 

(Cie Tvl, Will) strive to treat customers fairly, 
courtecusly, and respectfully. 

(Company I) will strive to assure complete customer 


Sarisftaction with »oroducts and service by striving for excei- 


lence in every area of its operation. 


(Company I) Objectives Related to the Public 


= ee ene es te oe 





(eomeowa el )ewili Strive tO participate in community, 


State cdid Rraeerond! affairs. 


) 


uNS 


~- 


a) 


(Cemeaivel) iiestrive LO Participate in progr 
compatible with company beliefs which vromote individual 
freedom, development, responsibility, self-help, and personal 


accomplishment. 





ov 
(Company I) will strive to prevent encroachment upon 
Or Suppression of basic human rights or the Free Enterprise 
system. 
(Company I) will strive to Mecer pect ts actions 


promptly and accurately to the public. 





Mompcany J 


eee gh re erent te Sees Se mag ent 


(Company J) 16 in business for the purnose of earning 
a fair and adequate profit as a means in accomplishing the 
following: 

Met Omieecooe and fulriil 1189 responsibilities in 
perpetuating the private enterprise systen, 
recognizing that it is this system of government 
which has given it this opportunity in the first 
DLaGe: 


2. TO perpetuate the Company for the henefit cf all 


Gee wrerse). 2 Oshedsic, 


4 ’ a r 


3. To compensate its investors for riskina Lheir 
Camila tno Lue peholt . 

The Company intends to accomplish this purpose by: 

i eel ttCiparting actively ian the affairs of the 

community, the state, and the nation to make the 

independent sector of the society in which we live 

more effective in meeting the needs of the people 

PoLwen tuameacpending On an inefficient, dicta- 


torial, centralized federal government to do so. 


bh 


. Creating a dynamic growth Company with ( 
as the nucleus of its growth. 
Sem OcUcCing a superior product value at a price 


WiiehecGe Mass Market Cen eiford to pay Lhrough 
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Le 
Meme ecalese Use Of Mass marketing and proave@t ie. 
Peenniaucsy. 
hellimy CUStOMer Service and assiS@ance as much as 
product, since individual products come and aa, 
Tete sO veo tC mitat ON for top service will 
PEOvlIa COMeInuing customers for all products we 
May offer, 
Working toward full employment for the employees 
of the Company and offering competitive wages and 
benefits. 


Acting in a fair and honest manner in all our 


Cealangs within and without the Company, cultivat- 


Me wean iate wniechatrGtyrcully reflects our con- 
ViCELONS and intentions throughout the society in 
which we live and in the minds of all who come in 
Comeact with it. 

Zo extend our jloyalty to all those customers, 
suppliers, and professionals who deserve and earn 
ae 

jelping our customers earn fair and adequate 
Seer wcer rom thelr sescale Of Our products, nealiz- 
sng that our profits ultimotely depend upon tne 
profit of our customers. 

Developing veople to their maximun capabilities 


For the benefit of the Company as 4 whole, ana 





ae. 


even MOre iwportant, for their own benetlirt and 
personal gratification of acconplishiicent, 
Recognizing the pernanence of change and conduct- 
ing our affairs in such a manner tO make chanye 


our ally rather then our enemy. 
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